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Okay, maybe you have a right to be up- mid-size. We just couldn't resist. 
set with us. First, we cheated you out of an In time, we were forgiven for that mov- 
easy decision when buying a pickup. Itused ^ ing violation because, fortunately, many of 
to be full-size or compact. Simple. Then we you found the Dakota to be not just a happy 
had to come along with the Dakota, the first ^ medium, but the perfect-size truck. 
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You'd think wed leave well ^ full-size pickups, but the gear storage as well. 
enough alone. But, no. Here we are introduc- sorry to have to do this to you ger 
. ingthe Dakota Club Cab. Pretty gutsy, huh? again. But you know what they say: [A 7X. 
With its new extended cab, not only Als fair in love and Detroit. Dodge 
can this Dakota handle the payload of some The tough new spirit of. Dodge. & 


In order to stretch this ad a bit further, we d like to point out that this Dakota has an available 3.9-liter V-6. And, it's protected by 7/70. See this limited powertrain 
warranty and its restrictions at your dealer Buckle up for safety Thats one rule that even we don't mess with. 


Dakota 4x2 Club Cab 
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YOU GET A LOT MORE THAN MONEY 
FOR COLLEGE SERVING PART-TIME IN 


Joining the Army Reserve is one of the smartest 
ways to help pay your way through college. In fact, you 
can earn over $18,000 through the Montgomery GI Bill 
and your Reserve pay during a standard enlistment. And, 
if you have or obtain a federally insured student loan, you 
may qualify for a government program that will help 
repay up to $20,000 of it for you. 

But you get a lot more than just money in the Army 


Reserve. You get hands on training in one of over 250 skills... 


skills like modern health care techniques, engineering, 
foreign languages, criminology and many others. 
You get the pride and confidence that come with 


_ 
Butt 

"ER 2 
| | " 


THE ARMY RESERVE. 


tackling a tough job and doing it well. And service with 
the Army Reserve can help you develop the maturity and 
self-discipline it takes to succeed in college and in life. 

You also get the satisfaction of knowing you're 
helping to keep America strong. 

Besides completing Basic and Advanced 
Individual Training, you'll usually serve just one 
weekend a month in a nearby Army Reserve unit, plus 
two weeks of Annual Training. Find out more. See your 
Army Reserve recruiter BE ALL YOU CAN BE® 
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Wild wings 


In the 1960s, Burt Rutan designed 
and built his first model airplane, 
later proved his stall-proof canard 
theory, and began earning his rep- 
utation as an aeronautics master. 
His remarkable rate of designing 

lanes in 20 years was aided 
by his own pioneering technique 
of modeling with composites. Here, 
POPULAR SCIENCE details his past 
and present creations. 


Japan's cars 


This year's Tokyo Motor Show ex- 
hibited a handful of technological 
advances, which European and 
American auto makers are still 
trying to get off the design table, 
including on-board navigation sys- 
tems and active suspensions. 


TV views 
viewers 


Are both your eyes on the TV set, or 
are they really buried in a book? 
A new image-recognition system 
will detect this, and reveal what 
Americans are truly watching on 
the tube. 


Holographic 
windows 


A holographic film that redirects 
the sun's rays through windows 
just may solve natural-lighting 
problems, reducing artificial- 
lighting and cooling loads. 
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| ceeding C. P. Gil- 
| more who has moved 


| the emergence of the 


What's News 


ts about time I 
introduced my- 
self. You've seen 
my name on the Por- 
ULARSCIENCE mast- 
head for a few issues 
now. In fact, I arrived 
here last fall, suc- 


onward and upward 
to a corporate ed- 
itorial position 
with Times Mirror 
Magazines. 

I came from Per- 
sonal Computing 
magazine, where I 
spent more than five 
years chronicling 


information age: ar- 
guably the most dy- 
namic and impor- 
tant technological 
revolution the indus- 
trial world has ever seen. For the last 
three years, I was the magazine's chief 
editor. Previously, I spent six years cov- 
ering a broader field of new technol- 
ogy and new products for Newsweek's 
international edition. 


| y personal involvement and ex- 
pertise in science and technol- 
ogy dates back to my high 
school days at Brooklyn Tech in New 
York City. But, like many of you, I was 
influenced most of all by growing up 
when space exploration, environmen- 
tal consciousness, microelectronics 


| —and so much else of what we take 


for granted on today's scientific play- 
ing field—was in its infancy. 
Professionally, editing POPULAR Sci- 
ENCE is a homecoming of sorts for a 
journalist who is incurably fascinated 
by mankind's relentless efforts to dis- 
cover a new and better way. Person- 
ally, it's almost too good to be true to 


| get paid for helping to shape the mag- 


azine that I—like most of you—have 
long enjoyed as a reader. 

Always, this magazine has demys- 
tified for the layman the often cryptic 
work of scientists. As such, it works 
as an early-warning system for tech- 
nology's impact on our lives. PoPULAR 
SCIENCE tells you today what your 
world will look like tomorrow. 

To date, PoPULAR SCIENCE has re- 
ported on the world’s great scientific 
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Fred Abatemarco, Editor-in-Chief 


endeavors, from the invention of the 
telephone to the exploration of Nep- 
tune. So too will PopuLar SCIENCE be 
on the leading edge as the landscape 


of science and its application broad- 


ens and surpasses today’s boundaries. | 


As the genetic sciences explore ever 
inward, and space explorers push our 
view of the universe beyond the edge 
of our solar system, this magazine will 
help you understand what difference 
such occurrences will make in your 
life. 


OPULAR SCIENCE’s aim to inform, 
guide, and entertain would be in- 
complete without also reflecting 
the excitement that is intrinsic to the 
world of science and technology. So 
with each monthly exploration, we in- 
tend to present you with the best writ- 
ing, illustration, and photography in 
the field. 


Sound like the POPULAR SCIENCE you | 


want to continue to read? Why not let 
me know? If you have suggestions 
about PoPULARSCIENCE, I'd like to hear 
from you on a postcard or in a letter 
(Editor's Feedback, POPULAR SCIENCE, 
2 Park Ave., New York, N.Y. 10016). 
It is, after all, your magazine. 
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Readers Talk Back 


Recycling PS 


I applaud your efforts to educate read- | 
ers about global warming [Aug., Sept., | 
| and Oct. '89]. But it takes a lot of 


trees— which may help ward off the 
greenhouse effect—to print Porv- 
LAR SCIENCE. Where do you stand on 
recycling? 

Rick Crawford, Santa Fe, N.M. 


POPULAR SCIENCE is not printed on re- 
cycled paper. If it were, the paper 
wouldn't be as smooth and white, nor 
the pictures as clear and colorful. How- 
ever after every production run, the 
waste paper and leftover magazines at 
our printer, QuadGraphics in Pewau- 
kee, Wis., are sold to Milwaukee Recy- 
cling Services in Milwaukee. Unsold 
magazines from newsstands are also 


| sold by wholesalers for recycling. Many 
| things are made from this paper: box 


| board, for cereal boxes and writing- 
| pad backing; tissue and brown towel- 


ing; newsprint; and the cream sheet 


on drywall.—Kit Taylor, vice presi- 
| dent of manufacturing, Times Mirror | 
Magazines 


We're all to blame 


I agree with reader Larry Miles, who | 


| chided you for running articles on en- 


vironmental issues along with those 
on technology that works at the ex- 
pense of the planet [^RTB," Oct. '89]. 


It is indicative of a major roadblock | 
to solving our environmental crises: | 
If we did not demand and use them, | 


there would be no ecologically harm- 

ful products. 
Susan Boguchwal Mansour 
Ridgecrest, Calif. 


Trash those cameras 


I’m disappointed by the article on dis- 

posable cameras (“Cameras Away," 

Nov. '89]. After your series about the 

plight of Earth, you now advocate in- 
stant trash. 

Roger J. Hale 

Topsfield, Mass. 


Come on, people! A move to more dis- 


posables is surely a step backward. We 
can choose a technology that helps, 


Address letters to Readers Talk Back, POPULAR Science, 2 Park 


| Ave., New York, N.Y. 10016. We reserve the right to edit for | 


space and clarity and cannot answer unpublished letters. 
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not hurts—and every bit does count. 


Jacqueline Clark, Wayne, Maine | 


Kodak doesn't market any camera as 


a “throwaway.” The one-time-use | 


Stretch 35, Weekend 35, and Fling 35 


are operated as any other camera, but | 


the whole unit is left at the photofin- 
isher for processing. After removing the 
film, the photofinisher disposes of the 
remains according to local ordinance. 
The amount of material remaining 
doesn't add significantly to the volume 
of waste that requires disposal, com- 
pared with traditional drop-in cas- 


seites.—Michael D. Sullivan, Commu- | 
nications and Public Affairs, Eastman | 


Kodak Co., Rochester, N.Y. 


Heat-pump households 


The dual-purpose heat pumps for room 
and water heating are nice [“Do-It- 
All Heat Pumps," Nov. '89]. But I’ve 
long been looking forward to the day 
when one heat pump will include all 
household heating sources and needs. 
Sources could include clothes-dryer 
and stove vents, roof collector/dissipa- 


tor and waste water. Heating and | 


cooling needs could include space 
heating/cooling, water heating, clothes 
dryer, refrigerator, dishwasher, and 
perhaps the oven or stove. 

Dan Robinson, San Francisco, Calif. 


Most of the sources of recoverable heat 


you mentioned (and many you didn't) | 
have been used in heat pumps—exper- | 
imentally, if not in a consumer prod- 


uct. However, I don't know of any heat 
pump that has combined all or even a 
majority of these in one system. The 
reason: The efficiency gains that would 
be achieved must be weighed against 


the increased cost and complexity of a | 


system that connects all of the heat 
sources and sinks—generally dispersed 
throughout the house—into a common 
loop.—Arvo Lannus, manager, residen- 
tial program, Electric Power Research 
Institute, Palo Alto, Calif. 


Rutan-house reactions 


Using time lags in the transmission 
of heat through berms is a clever way 
to achieve a comfortable desert home 
inexpensively ["21st-Century Pyra- 
mid," Nov. '89]. But if the berm wall 
had been of constant thickness, the 
impact would have been greater. Also, 


constant-thickness berm banks in the 
backyard, inside which house air could 


| berecycled, would permit Burt Rutan 


to get rid of his air conditioner. 
Henry Hartmann, Wayne, N.J. 


You created an uproar in my engineer- 

ing class when you implied that 

Rutan's water-wheel humidifier is a 

perpetual-motion machine. We think 

he has a hidden water pump. 

Bob Carter, University of California 
Los Angeles, Calif. 


Reader Hartmann is correct. Note from 
the photos that I over-built the berms 
at top to help. I considered an exter- 
nal massive heat dump, but with to- 


day's relatively inexpensive electricity, | 


payback would have been too long. I 
guess I can always add it later when 
energy costs increase by a factor of 10. 
Reader Carter is also correct. The trick 
is to find the pump and how the water 
enters the top tank.—Burt Rutan, 
Mojave, Calif. 


They beg to differ 


In Feds Push Recycling [ “Home News- 
front," Oct. '89] you said glass fiber 
doesn't contain “significant” amounts 
of recycled material. As a maker of 
air-infiltration, insulation, and air- 
filter products, we disagree. All of our 
raw glass stock consists of broken win- 
dow pane or residual glass from lamp 
manufacturing; I think 100 percent is 
a significant amount. 

R. E. Kelly 
Product Development Engineer, Fibair 


Reedsville, W. Va. | 


I have no disagreement there. My 
source was the agency that holds the 
EPA contract to clarify procurement 
guidelines for insulation and five other 
products. Though Fibair uses recycled 


glass, apparently few other companies | 


in the fiberglass-insulation industry 
do.—V. Elaine Gilmore 


| Which force is with you? 


"Pendulum Trike" [Nov. '89] talks 
about centrifugal force. But any ele- 
mentary physics text will tell you that 
a mass traveling in a curved path will 
have its centripetal (means heading 
toward the center) acceleration vector 
directed toward the center of the curve 


—centripetal force. Centrifugal force | 
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CARRY WIZARD POWER IN YOUR POCKET. 
SLIDE IN ASOFTWARE CARD. OR PLUG INTO YOUR PC. 
TAKE CONTROL OF TOMORROW TODAY 


The Wizard from Sharp lets you travel light and take all your personal and business data with you. 

The Wizard plans, organizes, reminds, informs, advises, calculates. An optional Organizer Link keeps you in 
two-way communication with IBM-PC compatible or Macintosh computers. Optional Software Cards adapt 
it for specialized jobs without specialized training. 

Discover the competitive edge for the Information Age. Call 1-800-BE-SHARP 


SHARP INVENTS THE WIZARD 
IER ' 


Readers Talk Back 


| (fleeing the center) is not involved. 
| David W. Robare 
North Seattle Community College 

Seattle, Wash. 


Reader Robare is technically correct, 
but my report was in layman’s terms. 
Although the tires generate a centrip- 


etal acceleration toward the center of 
a turn, what the driver feels is a cen- 
trifugal force in the opposite direction. 
—David Scott 


Corrections: Pioneer Electronics’ 
PD-T503 twin-tray compact-disc play- 
er can hold two CDs for programmed, 


reliable Al 


See the complete 
assortment of ARROW 
fastening tools, staples, 
fasteners, glue stix and 
rivets, available at all 
leading Hardware, Home 
Center, and Discount 
Department Stores. 


relay, or non-repeating random play. 
It will not hold 12 CDs for continu- 
ous random, programmed, or sequen- 


| tial play, as described in "That's En- 


tertainment" [Nov. '89]. 
The weight of the reinforced-con- 
crete structure used in a Sandia Na- 


| tional Laboratories test on the effects 
| of extreme impacts [“Science News- 


front," Dec. '89] should have read one 
million pounds. 

The capacity of the 3.5-inch diskette 
for Compaq Computer Corp.’s LTE and 
LTE/286 portable computers should 
have read 1.44 megabytes |"Electronics 
Newsfront," Jan.]. 
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In U.S.A.: Arrow Fastener Company, Inc., 271 Mayhill Street, Saddle Brook, N.J.07662 
In Canada: Jardel Distributors, Inc., 6505 Metropolitan Blvd. East, Montreal H1P 1X9 Quebec 
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Rail rocket A 

Faster than Japan's bullet 
trains, France's new 485- 
passenger T.G.V. Atlan- 
tique is the speediest train 
in commercial service. It's 
capable of going 223 mph, 
but currently travels at 186 
mph. The train's route con- 
nects Paris to cities on I Tant 
France's Atlantic coast. ae 
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Bubble blower » 


This bargelike craft is 
pumping life back into Lon- 
don's polluted Thames Riv- 
er by injecting it with the 
oxygen that fish need to 
breathe. The Thames 
EE . Bubbler extracts oxy- 
b pL gen from air, mixes it 
' with river water, and 
expels the mixture 
through 160 nozzles. 
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< Stair-climbing chair 
Lowering itself from wheels onto 
tanklike treads, the $20,000 Ac- 
cess Mobility System can climb 
stairs and curbs with inclines of 
up to 34 degrees. Quest Techno- 
logies Corp., 766 Palomar Ave., 
SS Sunnyvale, Calif. 94086. 


Hose launcher A 
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The Land-Harpoon cannon 
shoots a hose-carrying projectile 
into the center of a fire, allowing 
firemen to stay clear of the blaze. 
The Southwest Virginian Re- 
search and Development Corp., 
Box 1775, Abingdon, Va. 24210. 


POPULAR SCIENCE FEBRUARY 1980 


| Yesterday's work truck isn't good enough anymore. 


ODA 


New Duragrille. 
Chevy Work Truck's new grille is built strong 
to help resist stone damage. Because our new 
Work Truck has to do more than look pretty. It's 
built to work. 

Yesterday’s truck is history. Today’s Chevy 
Work Truck is ready to go to work for you. Today. 


pem 


— Rx 


More total cab room 
than Ford. 

Chevy gives you more leg 
room. More shoulder room. More total cab room 
than yesterday's pickup from Ford. 

And when you add Chevy's 

excellent ride and visibility, that means 

a lot of comfort no matter 
where you work. 


Chevrolet and the Chevrolet emblem are registered trademarks 
and Chevy is a trademark of the GM Corp. 61989 GM Corp. 
All Rights Reserved, 


Let's get it together...buckle up. 
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NEW CHEVY WORK TRU 


| More standard 
1/2-ton power than 
Ford. 

ESO Chevy Work Truck's 

«| standard 4.3L Vortec V6 puts 10% 

4 more horsepower to work for you 
* than Ford’s standard Six. And it's 

priced hundreds less than the 

lowest-priced Ford.* 


D 


Heavier Gross 
Vehicle Weight 
Rating than Ford. 

The 2-wheel-drive Chevy 
Work Truck's 5600-Ib. GVWR, 
including passengers, cargo and 
equipment, beats Ford in working 
ability day in, day out. 


More two-sided galvanized steel than Ford. 
More of Chevy's body panels are made of two-sided 
galvanized steel, front, sides and rear. Including the 
cargo bed. So your Chevy will fight corrosion for years. 
Plus a hot-wax chassis treatment to help seal the frame 
| from road salt and chemicals. You can't get that 
| ona Ford. 


Bigger heavier 
frame 

than Ford. 

Chevy’s full box-section 
“Strongbox” frame construction 
up front is stronger than Ford’s 
"C"-section. And Chevy's 

frame is bigger and heavier 
overall, too. 


Two-tier MESE 
loading M j 
doesn’t have. s Lee eo 


in the pickup wall ` 
grooves, and you've j 

got a platform to carry just about anything. 
While your tools and other materials stay 
conveniently stowed underneath. 
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DUTWORRS FORD 


Put 2x6 planks tas 2 AE JAAS 


HRAC 


More ground 
clearance than Ford. 
On site or off road, you need ' 
a pickup that won't leave you high- 
centered. And Chevy Work Truck's 
high-stance construction can take 
you over obstacles Ford's !;-ton 


pickup can't clear. 


3-year/50,000-mile Bumper 
to Bumper Plus Warranty. t | 
It covers hundreds of nonpowertrain | 


-n | a parts 2 years longer than Ford’s. Electrical parts. 


Chassis parts. In fact, 
everything but 
the tires, which E] 


e ——— 
have their OWN "BUMPER TO BUMPER PLUS 
warranty. 3 YEAR/SODOO MILE WARRANTY 


tSee your Chevrolet TE for terms of this limited warranty. A deductible applies after 
12 months or 12,000 miles. 


Standard Insta-Trac " 4WD. 
No backing up like Ford. 
When you shift from 4-wheel-drive High to | 
2-wheel drive, Ford says you should stop 
and back up at least ten feet for reduced wear on their front- 
drive system. While Chevy's Insta-Trac never asks you to 
back up — you just keep right on going. 
And that's 10 solid reasons why nobody's winning like 
The Heartbeat of America. 


| 
OF AMERICA [5 WINNING —_— TODAY'S TRUCK IS CHEVROLET 
| 


WAIT... N 


an B Ww 


Swedish phone > 


Squeezing a telephone receiver be- 
tween your ear and shoulder while 
talking can give you neck cramps and 
back pains. One alternative: a hands- 
off headset that hooks behind the ear. 
Large push buttons in the base include 
an electronic volume control. Swedish 
Telecommunications Administration, 
Box 1001, 123 24 Farsta, Sweden. 


|^ TUR m ML 


Panorama class A 


McDonnell Douglas Corp. is consider- 

ing a stretch version of its MD-11 tri- 

jet. The fuselage would be 35 feet longer 
than the current aircraft, enabling the 
company to convert some of the cargo | 
space below the main deck into a so- 
called Panorama Deck. 


Child-proof fan » 

Touching the metal grille on this 12-inch 
oscillating fan sends an electrical im- 
pulse to the control system. Result: The 
fan automatically shuts off, so inquisi- 
tive children can't injure their fingers. 
Price: $45. A 16-inch version of the elec- 
tronic fan ($60) is also available. Robe- 
son Industries Corp., 49 Windsor Ave., 
Mineola, N.Y. 11501. 


— <Giant Slinky 

— - . Usedasa stage lift for theaters, Spiralift 
— is more compact than hydraulic and 
if scissor-type lifts. It works by feeding 
an endless band of steel into a spiral 
coil of metal resembling an oversize 
Slinky toy. Paco Corp., 930 Wellington 
St., Montreal, Que. H3C 1V1. 


ZZ | Fold-up motor scooter > 
= Ze This collapsible propane-powered 
scooter for city dwellers was designed 
by two students at The University of 
The Arts in Philadelphia. Propane can- 
isters would be stored in the concept 
scooter’s cylindrical housings. 


o 
" 3 D = 
{ i # TD. t x 3 
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Leading Edge Radar Detection Never Looked Better. 


TI Lr PAL 2 imareerial 
[he new VECTOR 3 impressively 


s pwR 
combines style, performance, and 
3 band radar detection. 
While VECTOR 3's compact and well executed 
design can be confirmed by your eye, its performance 
advantage is confirmed by a number one rating in the most 


recent test conducted by Road & Track magazine: 


“Vector 3 maintains a BEL tradition of excellent 
sensitivity, posting the highest figures in this survey for 
both K and X band radar.” Road & Track 


Making this accomplishment even more impressive is 
the fact that VECTOR 3 posted the highest K and X band 


sensitivity levels ever recorded in any radar detector test! 


VECTOR 3's top-rated performance is achieved by 
adapting a technology used in military satellite communica- 
tions. It's called Image Rejection Technology", or IRT". And 
through its use, VECTOR 3 is able to identify weak police 
radar signals that other detectors simply miss — a definite 
advantage for detecting Instant On or Pulsed radar. And 
when Instant On or Pulsed radar is encountered, VECTOR 
3 warns you with a separate audio alert. 


(BEL) 


| fv 


In addition, VECTOR 3's high quality and ergonomic design 


Unequaled in performance, 
VECTOR 3 provides 
another important advantage- 
detection of Ka band police 


torona 


A 
nal is ns 


radar, now being used in 


both the U.S. and Canada. 


make driving with the world’s most advanced radar detector 
easy, convenient, and reliable. With 


VECTOR 3, leading edge radar 


Laboratory Tests* 
Sensitivity, dBim/cm 


detection never looked better! X-band K-band 
BEL Vector3 117.2 1156 


Audiovox AXA... 
Cincinnati Microwave 
Escort ! 
Cincinnati Microwave 


Fully featured, VECTOR 3 
is $299.95 and comes with a one c" 
| Cobra Trapshooter 


year warranty on parts and service. | AD.3170 . 
: | Fulan 15-0900. 
A remote version, VECTOR 3R, | Snooper D4000 ...... , 1094 
l | MracoKRD-16 ... 102.7 
j , 1 Mascot FHz77 101.5 
is also available for $319.95. — MIA 
Radio Shack Mipronta 
Road Patrol XK. t07 6. . 
Uniden RDSXL . oy TM 
Whistler Spectrum 2 1156 
Average unit 110.1 


| Source: Road & Track, Nov. 1988 


BEL VECTOR 3 is the only unit in this test that also 
detects Ka band radar 


To order, or for the name of 
a dealer near you, just call toll-free: 
1-800-341-1401 USA 
1-800-268-3994 Canada 


New 3 band radar detectors for use in Europe are now available. Please inquire for 
more information. Registered trademark of BEL-TRONICS LIMITED. 


The Technology Leader In 
3 Band Radar Detection. 


BEL-TRONICS LIMITED 
The Intelligent Choice 


BY MARCELLE M. SOVIERO 


What's New 
RECREATION 


Diver's delight > 

A cross between scuba diving and 
snorkeling, Scubair provides up to 
three hours of underwater exploration 
down to 20 feet. The rechargeable unit 
pumps air through an adjustable in- 
take tube, which controls the air sup- 
ply. Scubair International, 509 Bateman 
Circle, Corona, Calif. 91720; $995. 


< Towel or sponge? 


Next time you plan a 
sporting outing you 
might want to pack a 
sponge instead of a tow- 
el. The SportSponge ab- 
sorbs more water than 
a full-size towel and 
rings out completely for 
instant reuse. From L. L. 
Bean Inc., 32 Birch St., 
Freeport, Maine 04033. 
Price: $11. 


Life saver A 


Don’t let its small size fool you. 
When the Aqua Buoy is activated 
by unhooking a lever, an air cush- 
ion ejects and inflates within sec- 
onds. It’s effective enough to float 
a 300-pound person to safety, the 
manufacturer says. Pro Technol- 
ogy, Box 891, Lexington, S.C. 
29072. Price: $30. 


Bike suspension > 

The Browning bike uses a hydro- 
pneumatic front suspension sys- 
tem similar to those on aircraft 
landing gear, and it’s adjustable 
to ensure a smooth ride. The bike 
weighs just 24 pounds. Michael 
Browning Bicycles, 7 Belgrave 
Court, Blackwater, Camberley, 
Surrey GU17 9JE, England. 
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BY V. ELAINE GILMORE 


What's New 
TOOLS 


Good for starters > 


Adhesive-backed Nail Pro sticks to the 
flat of your hammer to give you one- 
hand nail starting. It will hold any com- 
mon or finish nail up to 16d. 
The holders come four to a 
bag. (They do wear out.) 
Pro Tools, Box 533, 
Voorhees, N.J. 
08043; 
$1.89. 


One-sided story A 
A new blind rivet called 
the T-Lok fastens metal to 
wood and other soft ma- 
terials. You place the 
With the E-Z Post Driver, rivet (gripped in a rivet 
installing T-posts is a lit- —— gun) in a pre-drilled hole. 
tle like bouncing on a pogo —— When you actuate the 


stick. Its outer pipe has a steel weight tool, it pulls the rivet’s 
on top that comes down on the post stem up, spreading its 
with an 18-pound force, it’s claimed. base; the stem breaks be- 
The inner pipe continues downward low the surface. Avdel 
until the springs recoil and pull it back Corp., 50 Lackawanna 
up. Price: $96. Efficiency Enterprises, Ave., Parsippany, N.J. 
Box 820722, Fort Worth, Texas 76182. 07054. 


Made to measure A 

The Backgage replaces the fence on most radial- 
arm saws, allowing quick measurements—and you 
needn’t mark your work. A sliding stop speeds du- 
plicate cuts. (Backgage can’t be used for angled 
cuts.) National Hardware, 3360 Forest View Rd., 
Rockford, Ill. 61109; $39. 


<Paper mates 


A utility knife with retractable, snap-off blades 
rides in a knife holder on this wallpaper trimming 
tool, which also boasts a calibrated stainless-steel 
cutting edge. The Combination Wallcovering Trim 
Tool is sold in paint stores for about $6. Hyde Tools, 
54 Eastford Rd., Southbridge, Mass. 01550. 
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BY TIMOTHY 0. BAKKE : 


What's New 


HOME 


eee A 


Paint your roof? A 
Premium Roof Pro, a coating made of 
acrylic polymers for superior adhesion 
and elongation, can be used over old 
asphalt shingles or other roof surfaces 
as an alternative to reroofing, says 
Macklanburg-Duncan (Box 25188, Ok- 
lahoma City, Okla. 73125). Anticipated 
life: 5 to 10 years. Price: $22 a gallon. 


Hot/cold-air booster > 


You can improve your comfort winter 
or summer with The Equalizer. Some 
registers in HVAC systems have poor 
airflow because of bends in the duct- 
ing or distance from the blower. Re- 
sult: a room that’s cool in winter or 
hot in summer. The Equalizer, a fan 
equipped with thermal switches, is au- 
tomatically actuated to pull additional 
air from such registers, equalizing tem- 
perature differentials. Suncourt Man- 
ufacturing, 4511 Manhattan Rd. S.E., 
Calgary, Alta. T2G 4B3; $25. 
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| «Simplified washer 


Maytag washing machines now use a 
redesigned transmission called the De- 
pendable Drive, which the company 
says is more reliable and easier to work 
on than the previous design. The trans- 
mission, shown assembled and taken 
apart in the inset, uses only six parts, 
half those of the previous transmission. 
Result: fewer breakdowns and easier 
servicing. This is the only transmission 
that is serviceable without removing it 
from the washer, claims Maytag (1 De- 
pendability Square, Newtown, Iowa 
50208). 


E < Cushioned tub 

iS Its soft; it’s con- 
toured for comfort; 
and it's insulated to 
retain heat. “It” is 
the Soft Bathtub, 
which the maker 
claims is the safest 
tub in the world— 
you won't crack 
your skull in a fall. A 
fiberglass shell cov- 
ered with urethane 
foam and an elas- 
tomeric film, the 
tub can be cleaned 
with any nonabra- 
sive cleaner and is 
highly puncture re- 
sistant, says Inter- 
national Cushioned 
Products (41300-1100 
Melville St., Vancou- 
ver, B.C. V6E 4A6). 
Prices start at $2,400 

* for a five-foot-long, 
18-inch-deep tub. 


"CFI 
TL H 


i 
i 


FF — ——— * E = 
-agi E r - - pee T J m gs" 
i iai = = =z" - — e 
armii i ia m a ru -— ES te a= 
= i - —" wal : 
g qe or n y= = 
i EF 
i | + i 
pi S 1113 he | 
i | ae 
» | [3 | ; 
" 4 I T" Ti "in ix 
$ 1 H [1 4. 1 T I Dr 7 
« IN as i 
i » 14 
* E L! E a. | 
li a nr mM = | 
a D T ma | 
LP i i i 4 È "4 ni rt 
i^ ? a = 
i ] ES n * ja 
] 
"E N ees i | 
Ü = b | 
" " i ā a5 i 1 
| |] | 
4 In | b à 
I s n [ I ! 
| £ k L 
b i 
D i J f i 
] 1 | | Á i 


é 


More outlets, less work A 
Quadplex is an easy-to-install four- 
outlet receptacle that requires just 
three terminations (line, neutral, and 
ground). It can be flush-mounted to 
one- and two-gang or four-inch-square 
boxes, or can be surface-mounted to 
four-inch-square or octagon boxes. No 
covers or wall plates are needed; it 
comes in any of eight colors. Bryant 
Electric, 114 Mayfield Ave., Edison, N.J. 
08837. Price: $14. 
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Slide it, say it A 

Slide a foreign-language card through 
Sony’s Repeat Learning System, and 
the electronic tutor repeats a sentence 
up to 100 times to help you learn it. 
Each of the 150-card lessons contains 
a different phrase recorded on a mag- 
netic strip. Price: $150 for the player; 
$80 for a lesson. 


Your-way calc A 


Want a handy calcula- 
tor? Then you must 
choose. Zelco Industries (630 
S. Columbus Ave., Mount Ver- 
non, N.Y. 10550) makes a right- and 
left-handed model ergonomically de- 
signed to fit your paw—north or 


Colorful 
computing » 
One's mauve and 
the other's sky 
blue, but both are 
designed to elimi- 
nate the beige bore- 
dom of PC screens 
and keyboards. For 
those who compute 
with flair, the $129 
keyboard, $700 
EGA, and $500 CGA 
color monitors are 
from Exim Interna- 
tional (13760 Gra- 
mercy Pl., Gardena, 
Calif. 90249). 


south. Price: $30. 


Whole-house clock radio 


This clock radio can wake up the 
whole family. How? While its AM-FM 
radio, clock, snooze, and alarm easily 
rouse you, its complete remote-control 
system for X-10 modules activates 
house lights and appliances to stir ev- 
eryone else. It's $50 from X-10 (USA) 
Inc., 185A Le Grand Ave., Northvale, 
N.J. 07647. 


Pen power A 

To Mitsubishi TVs, this “fountain pen” 
is more like a magic wand. It’s a com- 
plete infrared remote control that con- 
veniently slips in your shirt pocket 
when not needed. The PRM-1 pen re- 
mote is $50. 
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ONCE AGAIN, 
COMPETITION WITH 


Buckle up — together we can save lives. 


LI 


THE TOUGHEST 
COMPETITION WE HAVE 
I$ OURSELVES. 
When you compare the 1990 


Ford Ranger XLT with the Toyota 


Deluxe, or Chevy 5-10 you'll 
find Ranger XLI catches the 
competition with their prices 
up...and their features down? 
BEST-SELLING COMPACT 

TRUCK IN AMERICA. 

Ranger offers something else 
the competition can't match. 
The status of being America’s 
best-selling compact truck three 
years running** And when 
-you-re.also the value leader, the 
| toughest competition you have 
is yourself. 

TRANSFERABLE 6/60 
POWERTRAIN WARRANTY. 
Covers you and future own- 

ers on major powertrain compo- 


RENTE E:r 


FORD RANGER XLT 
GIVES YOU 
ALL THESE FEATURES 
FORLESS MONEY 


THAN EITHER TOYOTA DELUXE 
OR CHEVY S-10 


* AM/FM stereo cassette 
* Power steering 


* Multi-port electronic fuel- 
injection 

* Rearanti-lock brakes 

* Cast aluminum wheels 

* Tachometer 

* [nterval wipers 

e Sliding rear window 

* Gauge package 

* | inted glass 

* 5-Speed manual overdrive 
transmission...and more. 


nents for 6 years/60,000 miles. 
Ask to see a copy of this limited 
warranty at your Ford Dealer. 


BEST-BUILT 
AMERICAN TRUCKS. 
The best-built American 
trucks are built by Ford. This 
is based on an average of 
consumer-reported problems 
in a series of surveys of all 
Ford and competitive ’81-’89 
models designed and built in 
North America. At Ford, 
“Quality is Job 1? 
*Based on manufacturers suggested retail 
prices of comparably equipped long 
wheelbase Ranger XLT with package 
864A, Toyota Deluxe Model #8134, and 
Chevy S-10 package AAAS. 


**Based on model year manufacturers 
reported retail deliveries from 1987 thru 1989. 


RANGER 


BUILT FORD TOUGH 


Science Newsfront 


By ARTHUR FISHER 


This prize-winning Polaroid slicfosmeli fg mouse was taken little-known Rheinberg illumination technique. i 


This flea worth $5,000 


Well, not the flea exactly, but rather 
this remarkable photo. It won the first 
and grand prizes in the 1989 Polaroid 
International Instant Photomicrogra- 
phy Competition for Dr. David J. 
Martella, a physical organic chemist 


with Exxon Corp. in Linden, N.J. The | 
judges praised the picture for its “clar- | 


ity, brilliance, and sharp detail.” 
The subject is a mouse flea, at an 
original magnification of 10x, using 
an Olympus BHST microscope, an 
Olympus OM-2N camera, and Polaroid 
High Contrast PolaChrome film. The 
most interesting thing about this 
photo, however, is that it achieves its 
starkly dramatic effect by means of 
the now rarely used Rheinberg illu- 
mination technique, invented at the 
turn of the century by the English 
microscopist Julius Rheinberg. In the 
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words of one of the judges, “It is an 


inexpensive, straightforward tech- 
nique, which produces the purest kinds 
of pictures with brilliant colors. . .." 
The Rheinberg approach uses col- 
ored filters. Martella makes his own 
out of photographic or theatrical gels. 
The filter for the mouse flea photo was 
created by placing a 10mm-diameter 
blue filter within a matching hole in 
the center of a red filter. Martella then 
mounted the composite filter on a 
glass slide and placed it at the base 
of the microscope's condenser. The 


| background of the photo was produced 


by light passing through the center 
blue filter, and the image of the flea 
was produced by light passing through 
the outside red filter. 

Martella won $1,000 for the first 
prize in the PolaChrome category, and 
a trip worth $4,000 for the grand 
prize. 


Reinventing the battery 


A new kind of rechargeable solid-state 
lithium battery with a radically dif- 
ferent cathode material has been in- 
vented by scientists at Lawrence Berke- 
ley Laboratory in Berkeley, Calif. Its 
developers believe it represents a ma- 
jor advance, promising significant ad- 
vantages in power, endurance, and a 
shelf life over any existing battery ei- 
ther commercially available or under 
development. And it should cost less 
than today's state-of-the-art cells be- 
cause it uses less expensive materials. 

The new batteries were invented by 
materials scientists Lutgard C. De 
Jonghe and Steven Visco with the aid 
of graduate student Meilin Liu and 
visiting scientist Michel B. Armand. 

The enhanced performance of the | 
LBL batteries is due to a combination 
of advanced ingredients, including 


— 


— ————————————————————————————————————a—— 


solid-state thin films and a lithium an- 
ode. But the principal departure is a 
unique cathode, made from disulfide 
polymers, which belong to a class of 
chemicals called organo-sulfur com- 
pounds. These polymers are very large 
molecules consisting of identical build- 
ing blocks linked in long chains 
through sulfur-sulfur bonds. 

When lithium in the anode is oxi- 
dized, electrons are released and 
break the sulfur-sulfur bonds in the 
cathode polymers. The process, called 
depolymerization, produces electro- 
chemical energy. To recharge the bat- 
tery, the process is reversed, and the 
polymeric molecules are relinked. 

This depolymerization-polymeriza- 
tion reaction has never before been 
used in a battery, but it is frequently 
met in living matter. Sulfur-sulfur 
bonds are often basic to the folding 
mechanism by which chains of amino 


| acids form into proteins. 


Permanent waving of hair involves 
a similar process, says Visco. "In a 
sense, you're chemically breaking 
apart the polymer when you straight- 
en the hair, that is, unfolding the pro- 
tein by breaking the sulfur-sulfur 


bridges that give hair its body. Then, 


through curlers and chemicals, you re- 
join those bonds, leaving the hair 
curled.” 

De Jonghe, who holds a joint ap- 
pointment with LBL's Materials and 
Chemical Sciences Division and the 
University of California's Berkeley 


campus, says the new batteries can be | 


produced for all kinds of uses, “from 
the sustained low-power demands of 
a watch to the high-power demands 
of electric vehicles. By choosing from 
among our new class of positive cath- 
ode materials, we can vary the bat- 
tery's performance." 

Coin cells, the flat batteries used in 
watches and calculators, could be 
commercially available within two 
years. Cylindrical cells, used in flash- 
lights, power tools, and autofocus cam- 
eras, could be available in three to four 
years. All operate at room tempera- 
ture and retain their performance 
with virtually no falloff after 100 cy- 
cles or recharges. Because they con- 
tain no liquid electrolyte, they can't 
leak and damage equipment, making 
them ideally suited for applications 
such as computer memory backup. 


Chainsaw chaps 


The picture below (left) is not a re- 
make of “The Texas Chainsaw Mas- 
sacre. It is a demonstration of the 
virtues of an aramid fiber—Du Pont’s 
Kevlar—when incorporated in protec- 
tive clothing, such as the chainsaw 
chaps shown here. Wielded by Du 
Pont technical specialist Gregory Ho- 
man on a mannequin leg, the chain- 
saw was stopped dead as the Kevlar 


| fibers snagged the saw’s sprocket and 
| stalled the motor. Pound for pound, 


Kevlar is five times stronger than 
steel. 

The chaps, manufactured by PGI, 
Inc., of Green Lake, Wis., weigh only 
two pounds. They are constructed of 
four layers of Kevlar, alternating be- 
tween a woven fabric and a needle- 
punched felt. The waterproof shell is 
made of Cordura nylon. 


New plastic technology 


The pile of powder in the photo below 
(right) represents a family of plastic 
materials that flow easily when melt- 
ed, so they can fill the voids in a net- 


Above, a General Electric technician shows how a melted cyclic 
resin flows freely enough to infiltrate a composite plastic 
matrix. 


The gory operation in the photo at left is actually a demonstra- 
tion of how special chainsaw chaps can keep a runaway saw 
from causing serious injury. 
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The $1.5 million Ferrari PPG Pace Car. 
Exclusive tires: Goodyear Eagle "Gatorback" street radials. 


The $144,500 Ferrari Testarossa. 
Exclusive tires: Goodyear Eagle "Gatorback" street radials. 


E A G L E S. 


You are looking at over $1.5 million 
worth of Italian art. Exported from 
Maranello to America on just one make 


of tires: Goodyear Eagles. 


As the engineers 
at Ferrari know, 
there really is a 


difference in high- 


performance tires. 


- 
E 
i i 


It is a difference WGaodwear Bani 

"contact patch” Where 

an Eagle demonstrates 
its superiority. 


that ultimately 

shows itself in the 
"contact patches" of your tires, where your 
car meets, grips and responds to the road. 

Which may help to explain why every 
185 mph Ferrari Testarossa that comes to 
America does so on Goodyear Eagle street 
radials. Exclusively. 

And why the one-of-a-kind, $1.5 million 
Ferrari PPG Pace Car also uses Goodyear 
Eagle street radials. Exclusively. 

Because Goodyear makes better high- 
performance tires. For the track. For the 
street. For virtually every performance car. 

As Ferrari knows, the finest examples 
of automotive technology deserve the 
finest examples of high-performance tire 
technology. 

Which explains why these Ferraris 


come on Goodyear Eagles. Exclusively. 


For a free copy of our 12-page Guide to "Everything you ever 
wanted to know about performance tires" write The Goodyear Tire 
& Rubber Company, P.O. Box 9197, Des Moines, lowa 50306-9899. 


GOOD YEAR 


BECAUSE THERE REALLY IS A DIFFERENCE. 


| ing melted plastic 


| problem with engineer- 


| ple, has the same chem- 


| melted, as shown in the 


Science Newsfront 


work of fibers, yet can be converted 
into strong engineering thermoplas- 
tic by a catalyst. 

The new technology is the result of 
six years of experimentation by doz- 
ens of General Electric chemists. It is 
important because conventional engi- 
neering plastics when melted become 
viscous, and so cannot be used to make 
a composite plastic material despite 
their desirable properties. A typical 
composite consists of 
strands of graphite or 
glass fibers embedded 
in a plastic matrix. 
These reinforcing fibers 
must be completely in- 
filtrated by a free-flow- 


material. 
To solve this flow 


ing plastics, the GE 
chemists start with a 
precursor compound 
that has a cyclic, or a 
ringlike, molecular 
structure, rather than a 
polymer structure. The 
cyclic precursor of a pol- 
ycarbonate, for exam- 


ical composition as a 
“real” polycarbonate. 
But its rings of atoms 
are only one-fiftieth the 
molecular weight, and 
it flows freely when 


photo. When a special 
catalyst is added to the 
wetted matrix, it opens 
the cyclic compound's 
rings and hooks them together—poly- 


merizes them—to form the long, lin- | 


ear chains characteristic of a thermo- 
plastic resin. The resulting composite 
has extraordinary toughness and im- 
pact resistance. 


Learning and brain changes 


Two psychobiologists have found evi- 


| dence that learning a conditioned 


reflex is accompanied by physical 
changes in the brain's nerve cells—at 
least in rabbits. Dr. Richard E. Thomp- 
son, director of the University of South- 
ern California's Program in Neural, 
Informational, and Behavioral Sci- 
ences, and Dr. William Greenough, as- 
sociate director of the Beckman Insti- 
tute at the University of Illinois, found 
that the changes occurred in the cer- 
ebellum, with altered branching of 
dendrites, the treelike extensions of 
the nerve cell that receive electrical 
messages from other brain cells. 
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The two scientists used the air-puff 


| eye-blink response, in which the eye 


blinks when subjected to a gentle puff 
of air. If the air puff is always pre- 
ceded by a tone, after a number of 
trials sounding the tone alone will 
elicit an eye blink—a conditioned 


| reflex. 


“We believe,” says Thompson, “this 
is key evidence for a memory trace 
with a clearly defined anatomical 


Hu 


change in a localized region of the 
mammalian brain essential for a given 
form of learning and memory. 

“This sheds light on the fundamen- 


tal question of how memories are | 


stored by the brain. Such knowledge 
may eventually be the key to the 
search for ways to treat a wide vari- 
ety of memory disorders and also the 
memory impairment associated with 
normal aging." 


Sound design 
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This computer graphic portrays the interior of Boston Symphony Hall, with icons 
representing how sound would be perceived by listeners. It’s part of Cornell 
University's new visual language of sound. 


The computer graphic seen above is 


the result of a new approach to imag- 


| ing the inordinate complexities of the 


behavior of sound in concert halls and 
other enclosed spaces. The brightly 
colored objects resembling whirligigs 


| in space are intricate symbols, or 


icons, that visually denote the char- 


acteristics of sounds reaching the ears | 
of listeners at many points. And the | 
space the icons are floating in is ac- 


tually a computerized version of Bos- 
ton Symphony Hall. 

This new visual language of sound 
was developed by two computer graph- 
ics experts at Cornell University in 
Ithaca, N.Y., Adam Stettner and Don- 
ald P. Greenberg. “The problem of 
designing performance halls is so com- 
plex that even today it's still some- 
thing of a mystical art," says Stettner. 
"And even if we could simulate the 
acoustics of a hall per- 
fectly on a computer, 
we'd still have incredi- 
ble difficulty under- 
standing what's going 
on." 

The new Cornell ap- 
proach aims to make 
this understanding eas- 
ier by incorporating 
subjective elements— 
what the listener actu- 
ally perceives—into the 
computer program. To- 
day, many concert halls 
have to undergo major 
overhauls even after 
careful acoustic design 
because these subjec- 
tive parameters have 
not been taken into ac- 


their system will even- 


to redesign future halls 
inside the computer. 


Mission to Mars 


President Bush's call 
for American bases on 
the Moon and Mars has elicited a 


| NASA team report that presents a 


number of scenarios for expeditions in 
the not-so-distant future. 

The report, commissioned by NASA 
administrator Richard Truly and de- 
livered to the National Space Coun- 
cil, nominates space station Freedom, 
scheduled to be finished by 1999, as 
"a transportation node where both lu- 
nar and Mars vehicles will be assem- 
bled, tested, launched, and refurbished 
to fly again.... 

“We will not stop at the Moon,” the 
report says, "because the imperative 
to explore will lead men and women 
to Mars. The planet most like Earth, 
Mars offers many unique scientific op- 
portunities, but perhaps the most in- 
triguing question is whether life ex- 
ists or has ever existed on Mars." 

The schedules proposed by the re- 
port would have men back on the 
Moon by 2001, and a mission on Mars 
by 2016 at the latest. "E 


count. Stettner and | 
Greenberg hope that | 


tually enable architects | 


A word of advice 
for families driving without 
the safety of GE Halogen Headlights 


'—" GE Halogens give you—and 
^w. those you love—an added 
margin of safety. On high 
beam they illuminate 
farther than incandes- 
cent headlights, allowing 
you more time to react 
to potential danger. 


Buy A Set 
foday — Drive 
Safer Tonight 


We bring good things to life. 
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Automot 


Refined roadster 


The Lotus Elan, the first all-new mod- 
el from the General Motors-owned per- 
formance specialist since 1975, could 
be the most important British sports 
car in the last 25 years. The Elan 
breaks new ground for Lotus with the 
company's first front-wheel drive 
train. Power comes from a transverse- 
ly mounted twin-cam 16-valve engine 
(see photo right) that has been de- 
signed and built by Isuzu, another GM 
affiliate. Also indicative of Elan’s GM 
parentage is the use of a Delco en- 
gine management system and Roches- 
ter multi-point fuel injection. The en- 
gine displaces only 1.6 liters, but is 
rated at 130 horsepower. Output can 
be boosted to a hefty 165 hp with an 
optional intercooled turbocharger. 

The roadster is built on a steel back- 
bone chassis made notable by the use 
of a patented front suspension system 
that Lotus engineers call “interactive 
wishbones. They claim it sets a new 
standard for handling in front-drive 
cars and virtually eliminates the prob- 
lem of torque steer. The graphite re- 
inforced plastic floor pan and plastic 
panels are made by the company’s 
patented vacuum-assisted resin-injec- 
tion process, with the 54 sections 
bonded or riveted together to form the 
car. 

Despite the extensive use of plas- 
tics, the new Elan weighs 2,250 


.-——— 
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pounds, nearly 700 
pounds heavier than the 
predecessor that caused 
a stir a quarter of a cen- 
tury ago. Body dimen- 
sions have also grown in 
the intervening years: 
Length and wheelbase 
are increased by nearly 
five inches, and width has 
been expanded by more 
than a foot. This should 
make for a more comfort- 
able, stable, and refined 
ride, but Lotus claims it will not come 
at the expense of performance. The 


turbocharged Elan SE accelerates to | 


60 mph in 6.7 seconds and has a top 
speed of 137 mph, according to Lotus. 
Expect a base price of $33,000 when 
the 1,000 cars allotted to the United 
States go on sale this summer.—D. S. 


Two-way shift 


As I drive over the crest of a hill, | 
spy a tight tree-lined curve directly 
ahead. | am traveling about 20 mph 
too fast to take the turn safely, and 
there probably isn't enough time to 
downshift a conventional five-speed 
manual transmission. In a fraction of 
a second I confidently flick down the 
shift lever of the Porsche Carrera 2's 
liptronic automatic transmission 
twice. The rear-engine rear-drive 
sports car smoothly and almost in- 


| 


+. 


The smartly styled two-seat Lotus Elan 
has short front and rear overhang and 
a steeply raked windshield. The car has 
a 0.34-coefficient-of-drag rating with 
the top up; 0.38 with the top down. 


stantaneously double downshifts to 
second gear, revving the engine to 
near its redline. The Porsche hunkers 
down, and I safely pass through the 
turn unfazed. 

This was my introduction to the 
world's most advanced four-speed au- 
tomatic transmission and its unique 
manual shift mechanism. It gives the 
driver a choice between fully auto- 
matic gear changes and complete con- 
trol over when to shift gears. The key 
to this sophisticated transmission 18 
the H-shaped shifter gate with the fa- 
miliar automatic transmission gear 
settings on the left. But slide the shift 
knob across the center crossover (see 
photo next page! and the Tiptronic can 
be manually shifted like a motorcy- 
cle: Push it up and the gearbox will 
upshift; push it down and it will 
downshift. 

After a short period of adjustment, 


A dual plane shifter (see detail right) allows the Porsche Tiptronic four-speed automatic to be 
sequentially up- or downshifted at the touch of the lever, or operated as a conventional automatic. 
Power flows through gear ranges and makes three 90-degree turns to the output bevel gear 


| shifting the Tiptronic into gear became 
| second nature, although I have to ad- 
mit to pressing my left foot down to- 
ward a phantom clutch pedal on the 
first few attempts. Porsche engineers 
told me that not only can most driv- 
ers accelerate faster with the 911 
Carrera 2's Tiptronic system compared 
with the same car equipped with a 
five-speed manual transmission, but 
fuel economy is improved by about four 
percent in urban driving, and emis- 
sions of carbon monoxide and nitro- 
gen oxides are reduced. In addition, 
the engine can't be over-revved or 


The bullet-shaped 4500GT experimental car probably will provide the chassis and mechanical 


stalled while in the manual mode. 

The fully automatic mode of the 
Tiptronic transmission is no slouch ei- 
ther, thanks to what Porsche engineers 
call *adaptive program control." This 
feature consists of five separate shift 
patterns that span the gap between 
the usual "sport" and "economy" 
choices on conventional up-scale au- 
tomatics. Sensory data on the vehicle 


| speed, engine speed, steering wheel 


angle, lateral forces, throttle position, 
and braking are monitored by the 
transmission's control computer to 
match shift points with driving style 


Paone 
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DUAL-RANGE MUFFLER 
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components for the next-generation Toyota sports car. The drive train features a 40-valve 90-degree 
V8 tuned for low-end torque fed to a rear-drive Torsen limited-slip differential. 


and road conditions. For instance, 
quick throttle application or full-open 
throttle will reward the driver with 
shifts that occur near the redline to 
utilize the 247-hp output of the Car- 
rera 2's flat-six engine better. A more 
sedate driving style will give smooth- 
er, quieter, and more economical op- 
eration. The transmission usually 
starts in second gear unless the throt- 
tle is opened to more than 30 degrees, 
when it drops into first gear. 

With the gearbox in automatic mode, 
I discovered an even more intriguing 
aspect of the Tiptronic when I lifted 
off the throttle while entering a sharp 
curve. The transmission's control com- 
puter delayed the anticipated upshift 
until after the car had completed 
cornering so as not to disturb the car's 
stability. Later I tried the same thing 
while in manual mode, and again the 
transmission held the shift until af- 
ter the turn. 

All this transmission technology 
works in harmony with the 911 Car- 
rera 2's superb balance, power, and 
traction. The car is a pleasure to drive 
in either mode: automatic for clutch- 
less driving when stuck in Autobahn 
traffic, or manual when negotiating 
twisting mountain passes and tight | 
switchbacks on the French-Swiss bor- - 
der. Porsche representatives say the 
Tiptronic-equipped cars should be 
available in the United States as early | 
as this spring and will command a 
$3,255 premium over the five-speed 
transmission.— B. N. 


Toyota's future coupe 


At the Frankfurt Auto Show the Toyo- 
ta 4500GT concept car elicited as 
much response for its "quirky" hatch- 
back styling as for its advanced en- 
gine design. The front-engine rear- 
drive plastic-body sports car (see 
cutaway drawing) is powered by a 
quad-cam 4.5-liter V8 that is rated at 
about 300 hp at 6,600 rpm. Toyota rep- 
resentatives say the car is road-ready 
and theoretically capable of a top 
speed over 180 mph. The engine is de- 
rived from the Lexus luxury sedan's 
four-liter V8 and is mounted to al- 
low for a dramatically lower hood and 
aerodynamic savings at high speed. 
The centerpiece of the power plant 
is its intake and exhaust. The V8 in- 
hales through three valves on the in- 
take side and exhales through a pair 
of exhaust valves. Exhaust gases con- 
tinue through a dual exhaust system 
into mufflers that are tuned for a quiet 
or a guttural exhaust note that de- 
pends on how aggressive the driving 
becomes; an electronic actuator makes 
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Introducing the new ESCORT 
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New technology makes this radar detector 
perform unlike any other in the world 


ls 1978 we introduced the original ESCORT. Its 
superheterodyne technology changed the science of 
radar detection forever. 

At the time, Car and Driver said, “If vou can 
imagine the Turbo Porsche of radar detectors, this 
is it...its a brilliantly conceived device. In no test 
did any of the other detectors even come close. 
But that was just the beginning. 

Our strategy 

Since then, we ve continuously advanced the 
science of radar warning by encouraging our 
engineers to spend their time on only one thing: 
improving performance. Because of this program, 
ESCORT and PASSPORT have unequalled reputations 
for performance, winning test after test. 

But we ve never stopped striving for another 
quantum leap, a revolution ip technology that 
could redefine radar detection again. And now 
we ve done it. The key is a new technology: DSP. 

Incredible technology 

DSP is Digital Signal Processing, a technology 
virtually unheard of in personal electronics, but 
used in manv exotic electronic devices. 

DSP is used by NASA to create detailed space 
photos from blurry images. Its used by military radar 
to distinguish enemy aircraft from friendly air- 
craft. Its used to deliver sharp images of internal body 
tissue from medical scanners, And now we re using 

DSP to find radar signals too weak to be 
detected by conventional technology, 


The beart of ESCORT s DSP circuitry 
is Ibis custom 20 MHz 24 bit parallel 
HCMOS processor, capable of 10.25 
million instructions per second. 


How it works 


incoming radar signals 50,000 times a second, 
slicing them into discrete bits of information. This 
information is then digitized and continuously 
analyzed by what is essentially an incredibly fast 
internal signal recognition computer. 


Breakthrough performance 

The new ESCORTS DSP circuitry was developed 
using everything weve learned about advanced 
radar detection. The end result is incredible. 

The new ESCORTS advanced signal processing 
provides an incredible increase in sensitivity on 
both bands. Quite simply, this means that the 
new ESCORT picks up radar signals much further 
away than was ever before possible. 

In fact, not since we introduced the first 
ESCORT has there been a performance improvement 
like this. But theres more. 

Complete warning system 

The new ESCORT keeps you fully informed 
with a variable audible warning with adjustable 
volume, and different tones for X and K bands. And 
both a Mute and a new Auto-Mute function. 

For visual warning, theres an alert lamp and 
ten-segment signal strength meter, both dimmed 
to suit ambient lighting. Theres also a Dark mode 
for more discreet operation. 

ESCORT is housed in a heat treated aluminum 
housing, finished in low-glare black, and is incredibly 
compact, only ?&" high and 34" wide. And every- 
thing vou need is included. 
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The new ESCORT is only a fraction of the size of the original 


Everything included 

The new ESCORT comes complete with visor 
clip and adjustable windshield mount, and power 
cords to suit anv installation (both a coiled and a 
straight cord that plug into vour lighter, and a 
cord for direct wiring into your car's electrical 
system, if you prefer). 

Theres also a leather carrving case, and a 
comprehensive owner s handbook. ESCORT also 
incorporates our revolutionary Digital Kev security 
system (see sidebar for the full story). 


Satisfaction guaranteed 
We only sell ESCORT direct from our tactory to 
vou, and we guarantee vour satisfaction. To order, 
just call us toll-free. After you receive ESCORT, if 
voure not completely satisfied within 30 days, 
just return it. Well refund all of your money and 
vour return shipping costs, no questions asked. 
There are no hidden charges. 
The new ESCORT outperforms any other radar 
detector in the world. But dont take our word 
for it. Order today and see for yourself. 


Bad news for thieves: 


A new security system in new ESCORT and SOLO 
makes them of little use to anyone but the rightful 
owner. Here's how it works: 

The system is fully automatic, and easy ta use. 
Included with your new radar detector is a tiny 
electronic "Digital Key" to put on your key ring [see 
the main photo above and the cutaway at right]. 

About every two months, your detector's circuitry 
will prompt you to insert your Digital Key into a small 
jack on your detector, and turn your detector on. 
After confirming that you used the right Key, your 
detector will reset its lock and will be ready for 
two more months of use. That's all there is to it. 


May we help you? escort and 
SOLO bring totally new technologies to radar 
warning. But there's one thing we didn t change: 
Our system of selling direct from our factory to vou. — | 
Just call us toll-free. One of our radar experts 
will be glad to answer vour questions or take vour 
order. And remember, our 30 dav trial lets vou 
try new ESCORT or SOLO at no risk. Call today. 


ESCORT $295 


Ohio residents add 
$17.70 sales tax 
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RADAR WARNING RECEIVER 
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Prices slightly 
higher in Canada 
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Intro ducing S el£p owered SOLO 


A new kind of radar detector— 


I: youre a business traveler, always switching 
between cars and using rentals in distant cities, 
vou need the most convenient radar detector 
possible. But radar detectors have always been less 
than ideal for traveling. Until now. 
First things first 
After years of development, we're introducing 
sel-powered SOLO. It has the same long-range 
warning as our test-winning PASSPORT, and it's 
even smaller (only 3i" high and 24" wide). But 
incredible performance isnt the breakthrough. 


However, for someone who doesn't have the right 
key (and there are thousands of different Digital 
Keys), the radar detector simply won't work. And 
there's little econamic incentive for a thief to steal 
your radar detector if he can't sell it. And if a 
stolen ESCORT or SOLO is ever returned to us for 
service, we'll immediately contact you (if you have 
reported the theft to us). 

Although nothing is totally "thaft- 
proof,’ our new Digital Key se- 

curity system will help keep 
your new ESCORT 
| or SOLO yours. 


VEBERET EI 


Ec 


Actual size cutaway of Digital Key 


Call Toll Free 1-800-543-1608 
(24 hours a day, 7 days a week) 
> Dept. 601620 


cs 
S TW | 
| ent? g 1| One Microwave Plaza 


IMENAOMM) Cincinnati. Ohio 45249 


Or mail us your order: 
Cincinnati Microwave 


SOLO $345 
Ohio residents add 
$20.70 sales tax 


Prices slightly 
higher in Canada 


SELF-POWERED 
SOLO 


RADAR-RECEIVER 
euge A 


No power cord 


Revolutionary convenience 

SOLO is the first self-powered superheterodyne 
radar detector. You just mount it on your visor or 
windshield and turn it on. It's that simple. 

SOLO doesn t need a power cord, recharger, or 
add-on battery pack. Its remarkable design operates 
about 200 hours on a single 9 Volt lithium battery 
(or 80 hours on a standard alkaline). For most 
drivers, that's several months of use. 


Hours of Daily Usage 


B 1 2 d 4 5 6 7 12 13 
Approximate Battery Life (months) "Lithium — 9 Alkaline 


For most drivers, a single battery will last several months. 


Total performance 

Unlike most battery powered devices, SOLO 
maintains full performance over its full 
battery life. And when you finally need to 
M. replace the battery, SOLO tells you five hours in 
‘advance so you have plenty of time to plan ahead. 

Needless to say, there was only one way to 
make self-powered SOLO a reality. Starting with a 
clean sheet of paper, our engineers have designed 
the most efficient superheterodyne radar detector 
in the world. SOLO uses only 2% of the power of a 
conventional radar detector. 

Incredible technology 

The advances that made SOLO possible would 
fill this page, but here's a brief outline: A varactor- 
tuned GaAs FET microwave oscillator, four custom 
CMOS integrated circuits, seven circuit boards, and 
hundreds of SMD components controlled by a 
CMOS microprocessor and powered by a digital 
power supply. All contained in a thin wall mag- 
nesium housing for incredible strength and light- 
ness (just 5!2 ounces complete with battery). 


© 1990 CMI 


Standard equipment 
SOLO has all of the advanced features we 
pioneered with ESCORT and PASSPORT. Variable 
rate audio warning, with adjustable volume and 
different tones for X and K bands. An alert lamp 
and ten-segment LED signal strength meter, both 
automatically dimmed to suit ambient lighting. 
And a Dark mode for even more discreet operation. 
In addition, SOLO has both a Mute switch 
and a new Auto-Mute function that automatically 
reduces the audio to a lower level after the initial 
alert. There's even a special battery-saver circuit 
that turns SOLO off if vou forget to. 
And our new Digital Key security system 
means vour SOLO will be of little use to anyone 
but you (see sidebar for the full story). 


Instead of a conventional 
meter, SOLO uses ten 
Hewlett Packard AlGaAs 
LEDs bonded directly to 
a tiny circuil board. 


The complete package 

SOLO comes complete with everything you 
need. An articulated visor clip that opens wide for 
padded visors, but folds flat for convenient handling, 
A windshield mount that easily adjusts for different 
windshield angles. A leather pouch for everyday 
use, and a travel case for taking SOLO with you 
on trips. And of course, we include two batteries, 
both a lithium and an alkaline, to get vou started. 

Factory direct — . 

We only sell SOLO direct from our factory to 
you. Just call us toll-free to order, or for more 
information. And we guarantee your satisfaction. 
If you're not completely satisfied in 30 days, just 
return SOLO for a full refund. SOLO is also backed 
by our one year limited warranty. 

Some people will see SOLO as a convenience 
breakthrough. But also consider the performance 
advantage of having a radar detector you'll use 
every time you get in your car. 


| The engine is impressively quiet and 


| car? Rumors abound that the plat- 


| four-speed automatic is optional. A 
| shift of the fly system is standard on 
| four-wheel-drive models, as is a rear- 
| wheel anti-lock braking system. 


Automotive Newsfront 
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The 1991 four-door Ford Explorer has a wheelbase 10 lids longer than the two-door model. 


Limousine-style wrap-over doors and near-flush glass contribute to a 0.43-coefficient-of-drag rating. | 


the switchover between the modes. 
What will Toyota do with this show 


the carlike image: Instruments are an- 
alog and well laid out; the automatic- 


form and mechanical components will 
be the basis of the next-generation 
Toyota Supra two-seater, expected in 
the United States in 1991. However, a 
Toyota insider, while not discounting 
this outcome, said that the 4500GT 
would more likely end up as a future 
Lexus sport coupe.—B. N. 


Carlike 4 x 4 


This spring Ford will replace its 
Bronco II compact utility vehicle with 
the Explorer, a new and plushier 4x4 
in both two- and four-door versions. 
Explorer's standard engine is an elec- 
tronically fuel-injection-equipped four- 
liter V6 that develops 155 hp and 220 
pound-feet of torque. Standard trans- 
mission is a five-speed manual; a 


buttons are lifted right from the Tau- 

rus/Sable; tilt and slide seats are 

standard on two-door models; and lux- 

ury options include leather seating and 

a nine-speaker Ford JBL audio system. 

Prices have not been set yet, but will 

be competitive with other vehicles in 

| this class, according to a Ford official. 
—R. L. S. 


Peugeot's premier 


With its refined 605 sedan, Peugeot 
has launched a billion-dollar assault 
on the executive car market, and next 
year it should pose a challenge to the 
likes of the BMW 5-Series in the 
United States. The five-model lineup 
is led by the 605 SV 24 with a 200-hp 
three-liter V6 that drives the front 
wheels. To smooth out engine vibra- 
tion, Peugeot added a single chain- 
driven balance shaft inside the front 
valve cover. After a 150-mile drive 
through country roads and Autoroutes 
in France's Loire Valley, I found that 
silence, comfort, and superb response 
are the 605's big merits. The car's 
quiet demeanor was uncanny even 
during a furtive 120-mph burst, and 
its disc brakes quickly brought the car 
back to a more moderate speed for the 
remainder of the journey. 


In a brief test drive recently, the Ex- 
plorer proved to be a carlike performer. 
Gas-pressurized shocks help provide 
a ride that is neither too soft nor too 
firm. And the cabin is reasonably 
quiet thanks to flush glass and an 
aerodynamic body that is rated at a 
0.43 coefficient of drag—low for this 
class of vehicle. The power steering is 
over-assisted for my taste and does not 
give enough road feel to the driver. 


suspension with electronic damping 
control. Shock absorber action is reg- 
ulated by a tiny motor-driven valve. 
The choice between the normal and 
firm settings is based on information 


produces plenty of power. The Explorer 

is rated to tow up to 3,500 pounds, up 

from the Bronco II's 1,500 pounds. 
The Explorer's interior reinforces 
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Most impressive was the coil spring | 


transmission gear shift is column | 
mounted; the excellent power-window | 


| | SHORTER, WIDER TIRES FOR THE FUTURE 


from five sensors that register body 
attitude, steering-wheel angle and 
turning rate, acceleration, road speed, 
and braking. Split-second response to 
those variables allows the car to glide | 
over rough roads. Shock absorber con- | 
trol can be canceled by an instrument- 
panel button that stiffens the suspen- 
sion for firmer handling.—D. S. 


High-strength advances 


The ongoing development of new high- 
strength low-cost fibers that are both 
tougher and less expensive than the 
exotic materials used on one-off show 


MID-1980s 


LATE 1980s 


Lower profiles and increasing wheel diame- 
ters may lead you to suspect that the tire 


| industry is headed toward putting a thin film 


of rubber tread on the circumference of an 
all-metal wheel. Goodyear recently unveiled 
tires for 18- and 19-inch wheels, which the 
company predicts will be on production cars 
in the early 1990s. This is part of the on- 
going evolution of tire shapes that started in 
the 1960s and continues today. Improved 
tire grip and more room for larger brakes are 


| said to be the benefits of these short, fat 
| tires. However, the problems of a harsh ride 


and the potential for rim damage will have 
to be licked first. 


cars and race cars has yielded a pair 
of promising materials: 

eGoodyear's Engineered Products 
Division recently purchased the rights 
for a new process to manufacture glass 
fibers that have a tensile strength in 
excess of 100,000 psi—about twice 
the strength of conventional glass 
fibers. 

eGeneral Motors claims to have dra- 
matically reduced the cost of making 
the raw material for carbon fiber by 
"growing" the fibers in hydrocarbon 
vapor in the presence of a catalyst. 
The vapor phase process yields high- 
strength carbon fibers from inexpen- 
sive natural gas. GM is building a 
pilot plant to test the commercial via- 
bility of the process. 


Off-road Discovery 


Land Rover's new Discovery is aimed 
as a head-on assault on England's 
burgeoning sport utility vehicle mar- 
ket. It's the first. new vehicle from 
Land Rover since the 1970 launch of 
the up-market Range Rover, and slots 
between it and the workhorse Land 
Rover in the company's four-wheel- 
drive stable. At present, Rover repre- 
sentatives say there are no plans to 
bring this vehicle to the United States. 
Long-travel coil-spring front and rear 
suspensions and a 102-inch wheelbase 
combine to give the Discovery a cushy 
ride over rough terrain. Ample power 
and torque comes from the Buick- 
designed aluminum 3.5-liter V8 rated 
at 143 hp. A 112-hp turbodiesel en- 
gine is also available. 

The spacious interior is opened up 


| by a pair of glass hatches in the 


stepped roof, which is the only steel 
panel in a body made mostly of alu- 
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Land Rover's version of the mini-sport utility 


E d 


vehicle is the Discovery model. The stepped roof is the 


|| (see detail). 
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Resin-impregnated fiberglass 
forms the major pieces of 
Ford's experimental compos- 
ite floor pan for the Taurus. 
More than 400 stamped-steel 
parts are replaced by — 
plastic pieces that 
are glued together 


minum. As yet only a two-door model 
is available, but access to the back seat 
is eased by tilt-forward front seats. 
a. 


Composite chassis 


The experimental all-composite chas- 
sis built for the Ford Taurus is only 
the latest in a series of efforts by Ford 
and other auto makers to build a car 
that utilizes the benefits promised by 
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only major body part made of steel. The rest are lightweight rust-free aluminum. 


B-PILLAR 
= REINFORCEMENT 


the latest materials-science research. 
The test vehicle is built around a 
structural cage that supports the en- 
gine, suspension, and interior cabin 
on five molded glass-fiber-reinforced 
plastic pieces that have been joined 
by high-strength adhesives. That com- 
pares with the roughly 400 stamped- 
steel parts that are welded together 
to form the conventional Taurus uni- 
body. The promise of structural com- 
posites represents a huge potential in- 
crease in manufacturing efficiency. 
Henry Ford began speeding up the 
process of putting cars together 76 
years ago by developing the assembly 
line. But today, the task of integrat- 
ing the more than 3,000 individual 
pieces into a car remains a daunting 
task. So any technology that can si- 
multaneously reduce the complexity 
and time required to build a car is 


| greeted with great enthusiasm. Man- 


ufacturing simplicity aside, the re- 
placement of steel by reinforced fiber- 
glass could lead to a 30-percent weight 
savings, with a resultant down-sizing 
of engine and brakes. 

The individual pieces—engine bay, 
radiator support, instrument-panel 
support, roof, and rear-deck support— 
are fabricated from glass “preforms,” 


| pre-shaped glass mats that are im- 


pregnated with resin in a low-pressure 
mold. Most recently, a method of au- 
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HIDDEN IMAGE 


tomatically shaping the preforms at 
high speed has been demonstrated, 
which may be the advance needed to 
bring the all-composite chassis closer 
to production reality. 


News briefs 


€ General Electric has received a 
patent for a combination alternator 
and starter motor. An automatic trans- 
mission varies gearing to the engine: 


“Cambridge SoundWorks May Have 
The Best Value In The World. A Winner’ 


Henry Kloss, creator of the 
dominant speaker models 
of the '50s (Acoustic 
epus 


605 (KLH), 
and 70s (Adeno, es 
hewa Sedis 
pe at inlined 
t 
Cambridge Sounders 


Cambridge SoundWorks has created Ensemble,” 
a speaker system that provides the sound once reser- 
ved for large, costly speakers. It virtually disappears 
in your room. And because we market it directly, 
Ensemble costs hundreds less than it would in stores. 


Your la room works 
with Ensemble, not against it. 

No matter how well a speaker performs, at home 
your room takes over. Putting other speakers where 
the room helps the bass may hinder the upper ranges, 
or vice-versa. Ensemble consists of four units: two 


(B Placement for least | 
T bass reinforcement. 


FES 
a 2 


domm low-frequency units exactly where t 
speakers because you have to be concemed about the upper. 
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THE NEXT-GENERATION BMW 3-SERIES 

An artist's rendering of next generation 3-Series cars from BMW 
—internolly called project E-36— shows longer, sleeker cars. The sedan, | 
with a low 0.28-coefficient-of-drag rating, will be the first model in the 
showrooms. Designers added a station wagon to the sedan and 


convertible. 


low-speed, high-torque gearing for 
starting, and high-speed and low- 
torque characteristics for alternator 
operation. 

e Donald Petersen—the man gen- 
erally credited with the recent good 
fortunes at Ford—will retire this 
March. Harold "Red" Poling, pre- 
sently vice chairman and chief oper- 
ating officer, will replace Petersen as 
chairman. 


Safety Administration will require | 
head restraints on light trucks, vans, 
and sport utility vehicles for the 1991 
model year. 

€ Volvo has announced that it will 
cease using ozone-depleting CFC-12 by 
the start of 1995. At present CFC 
134a seems to be the most likely 
replacement. 

e Toyota Motor Corp. has opened its © 
first European design center near 


è The National da. aii Traffic | Brussels, Belgium. 
Unlike seemingly similar 
oor meri err 

pm 
two separate, compact 
A bass units. They fit 
David Clark, Audio Magazine, Sept. '89 | more graceft 
Into : 
bass units and two high frequency satellites. pochi MP 
The compact woofer units produce the bass that hel M M 
normally requires large speakers. ne. 
Place them behind fumiture,on g rici cai 
bookshelves or under a couch. The ' 
small satellites blend into any decor. 
The result: a full range, musically 
accurate speaker system without 
big boxes. | | | | 
; Ensemble isa Trademark of Cambr SoundWorks, Inc. Reprinted with 
Try Ensemble in your home Nu ed 
ee e da | CAMBRIDGE SOUNDWORKS 


Ensemble is sold factory direct...by helpful, 
experienced audio experts. So you can audition 
Ensemble the right way—in your home for 30 days, 
with no risk, no salesman hovering nearby, At $499* 
it is the value on today's speaker market. For litera- 
ture, expert advice, or to order, call 1-800-252-4434 


9 AM to Midnight, (ET), seven days a week. 
Canada 1-800- - un nn 017- 552 -9229. 


Suite 126F 154 California St., Newton, MA 02158 
| O Send more information and test reports. | 
O Send Ensemble risk-free for 30 days, for $499* 
O Send an Ensemble Gift Certificate for $499* 
| I'm paying by O Check O MC O Visa LJ AmEx 
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| City. — — — — State | 


Phone (Area Code) — 


| 

| 

| 

| Name —— — — | 
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| 


FOR IMMEDIATE SERVICE: 1-800- AKA-HIFI. 
| We ship worldwide, including APO & FPO. 
MA residents add ys sales tax, 


Jolm p bass You cant di this with conventional 


s coming from the same enclosures as the low ones. 


P" At Last! 
A Rear-Tine 

Tiller Especially 
for SMALL GARDENS! 


the TROY-BILT “JUNIOR” 


If your garden is 30’ x 50’ or less, here's why it will pay you £ 
to get the full story about the Greatest Breakthrough in rear- 
tine tillers in over 50 years... 


e SAVES YOU MONEY! Goes for half the price of larger rear-tine tillers 
— which you don’t need for your small-sized garden. 


e SAVES YOUR BACK! Forget spading and raking! The “JUNIOR” 
prepares your garden in a fraction of the time with none of the backache! 


e SAVES HAND WEEDING! Instant, accurate DEPTH 
REGULATOR adjusts for shallow cultivation to uproot, chop 
and bury weed seeds while you simply guide the “JUNIOR” 
up and down between rows. 


e SAVES GARDEN SPAGE! Narrow 14” tilling width 00054 O2* tea 
allows you to plant your rows closer together. Grow morein The ALL-PURPOSE Tiller...for small, 
less space! high yield gardens! 


e EASY TO USE! with its tines in the rear and engine out 
front, the “JUNIOR” is so well balanced you can handle it 
with JUST ONE HAND? Won't shake you to pieces like 
front-end tillers do! 


e EASY TO TURN 8 MANEUVER! Because the “JUN- 
IOR" is light and compact (but strong!), you can turn it and 
maneuver it in tight places with wonderful ease! 


There's much more to know about this wonderfully 
different and better idea in small garden tillers... like how 
you can use it to build super-rich soil, no matter what your ! | eee | 
soil conditions, for a more successful garden! ET. O N coupon 

Discover the whole TROY-BILT Tiller Line-up — s Cj nn ' 
including the small-garden JUNIOR and PONY Models, Turns d ona a dime! today! 
mid-size ECONO HORSE and large-garden STANDARD GALL TOLL-FREE 


ES Lr NM 
E k ‘ 
E - 
e 
: 


No more v hand m 


HORSE, and top-of-the-line 8 HP PROFESSIONAL i _AR2 RAN | 
Model TROY-BILT. E. = 00-453. 5400 Dept 2898 —————4 
Mail the coupon TODAY for full details, including prices | — TROY-BILT Manufacturing Co. Dept. A2898 — | 
and current SAVINGS OFFER, plus our 24-page | | 102ndSt. & 9th Ave., Troy, N.Y. 12180 | 
"Great Gardens" Catalog. | Please send me the whole wonderful story of | 
Why, for heaven's sake, | your Tillers, with Models for every size garden, i 
ae suffer any longer witha FRONT-END | including prices and SPECIAL SAVINGS now | 
tiller like the one shown here —the type l in effect! i 
with the revolving TINESIN FRONT į ' Pons Fr 
and NO POWER to their tiny wheels? | 
They shake the living daylights out of | Name i 
you and make you leave footprintsand | [ 
wheelmarks in the soil. They make gar- | Address l 
dening TOO HARD... butthe TROY- | , 1 
BILT *JUNIOR" makes it easier and | City. 
more enjoyable than ever! Send for full ' 1 
| ^. | details TODAY! | State Zip i 
©1990 Garden Way, Inc. Product available in Canada J e EE a EE D DLL MEE d 


Future office 


Mention the office of the future, and 
most people think of self-help elec- 
tronic devices that make work easier. 
But how that is accomplished varies 
enormously. 

For instance, Canon thinks small: 
It has created the Navigator, a single 
box that's the size of a desktop PC. It 
contains a personal computer, a fac- 
simile machine, and an integrated tel- 
ephone with an answering machine. 
And it all works together. 

Lift the phone receiver, and an al- 
phabetized electronic "phone book," 
containing up to 300 names with 
telephone and fax numbers, appears 
on the 10-inch EGA monochrome 
screen. Jab the touch-sensitive screen 
with your finger, and the number 
you ve chosen is dialed automatically. 

Touch more screen areas, and the 
file you created with the Navigator's 
word-processing software is converted 
to a fax document for transmission. 
But you don't stop working. The screen 
instantly returns to what was dis- 
played previously, and dual micropro- 
cessors (an 8086 for the computer and 
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a V50 for the fax machine) let you 
work while the document is being 
sent. 

Two 3.5-inch floppy disk drives store 
programs and data—including incom- 
ing phone calls and faxes. Built-in pro- 
grams include a message board, dig- 
ital clock, and memo pad. Price: $2,995. 

Another future office system dem- 
onstrated for me recently by Haworth, 


HIGH-DEFINITION UPDATE 


Just touch: Canon's Navigator is a computer, fax 
machine, and answering machine. 


Inc. of Holland, Mich., 1s an office cu- 
bicle with a keyboard built into the 
desk, a color computer monitor built 
into the facing wall, and two large 
"windows" on either side. “Can you 
hear me?" queried a voice from a hid- 
den speaker. Suddenly one window be- 
came a video screen, and I had two- 
way visual communications with the 
demonstrator. The second window? It’s 


elf high-definition television broadcasts began today, you'd run out of 
shows to watch in about two months...currently there are few hours of 
high-definition programs available. But that could change with a CCD HDTV 
converter from Kodak. The system lets programmers instantly convert a 
3omm movie into an HDTV format. The converter should eliminate any 
lack of HDTV programming in the future—and guarantee that Kodak, a 
major film producer, will have a major role in videotape production too. 

elt appears that two major HDTV makers might start working together— 
or at least talking about a working HDTV technology for the United States. 
A statement by Philips says it supports a two-step approach to HDTV. The 
first step increases picture resolution and widths using the present 
bandwidth. The second step uses another channel for full high-definition 
TV. That approach is precisely RCAs ACTV-I and ACTV-II idea |“Picture 
Perfect," June '88]. It's rumored that Philips has begun talking to the David 


sarnoff Research Center—designer of ACTV for RCA. 


a huge panel of liquid-crystal mate- | 


rial that, under computer control, be- 
came opaque or translucent, letting 
me see my neighbor in the next cubicle. 

If you already own a PC-compatible 
computer, The Complete Communica- 
tor can be the nucleus of an electronic 
office. Plug the board into your PC, 


and you might not ever use the tele- | 


phone again. Your computer takes all 
calls for you. The clever board can 
handle fax (up to 9,600 bits per sec- 
ond) or modem calls (up to 2,400 bits 
per second) and record an incoming 
document on a disk. Also, the board 
can be used as a complete voice mail 
system capable of answering the phone 
and storing personal messages in 999 
separate “mailboxes.” (The outgoing 
and incoming messages are synthe- 
sized digitally and stored on disk.) 
The software runs in *background" 
mode, which means you can still use 
the computer while it answers the 
phone. A rear connector lets you add 
one of the company's scanners to the 
board for getting documents into the 


computer for transmission. It's $899 


from Complete PC (521 Cottonwood 
Dr., Milpitas, Calif. 95035). 


| New computers 


ePsion Inc.’s 4.5 ultralight portable 
uses Intel’s Flash memory devices for 
solid-state storage. Requiring no bat- 


| tery, the removable devices are de- | 


signed to hold up to two megabytes of | 


data. Machine prices start at $1,000. 
ePhilips Headstart desktop com- 


puter uses a built-in optical disc drive | 
to hold up to 680 megabytes of infor- | 


mation. The machine comes with op- 
tical discs containing programs like 


| the New Grolier Electronic Encyclo- 
| pedia and Microsoft Bookshelf, which 
| includes the American Heritage Dic- 


tionary, The World Almanac and Book 
of Facts, US. Zip Code Directory, Bart- 
lett's Familiar Quotations, The Chicago 


| Manual of Style, and Roget's II Elec- 


tronic Thesaurus. Price for all: $1,995. | 
eNCHR's new desktop machine uses | 


the IBM Micro Channel and an 80486 


| microprocessor running at 25 mega- 


hertz. Performing up to 15 million in- 
structions per second, it's about three 
times faster than a 386 machine run- 
ning at 33 megahertz, according to the 
company. Prices start at $9,995. 


Phone for the deaf à 


| Moving cartoon pictures on a modified 


videophone enable deaf people to con- 
verse with sign language via ordinary 
phone lines. The system, developed by 
British Telecom, compresses the dig- 


ital video signals and sends them at 
14,400 bits per second. The resulting 
black-and-white picture is just an out- 
line of a hand, but it's a live image 
and easily identified as a sign. (Fa- 
cial characteristics can be identified 
too.) The system is now on trial in 
Britain.—D. S. 


Multi, multi-play machine 


You had a choice: Buy a multi-disc 
compact disc player, and you could lis- 
ten to five or more CDs without touch- 
ing the machine. Or you could get a 
"combo" player that accepts one CD or 
LaserVision disc for audio and video 
entertainment. Now there's a unit 
that's a combination of the two. Sharp's 
multi-disc changer uses a carousel de- 
sign that accepts up to three CDs and 
CD videos (three or five inch) or an 
LV. Because you can mix discs, I found 
two advantages in using machines of 
this type: You dont have to touch it 
for hours—discs can be played se- 


Sharp's multi-disc player accepts up to three 


audio compact discs or a LaserVision disc for pre- 


recorded video movies. 


Psion’s solid-state Flash 
memories retain informa- 
tion without a battery. 


quentially or programmed for specific 
discs and cuts. And, more importantly, 
during random play, any disc could be 
selected by the machine. $1,500. 


Have-it-your-way TV 


You pick up the current TV listings 
and begin planning tonight's enter- 
tainment. But something is different. 
The shows are all there, but they're 
simply in alphabetical order—none 
are assigned a day or time. Why? It's 
the future, and if GTE's new video 
switch works, you'll choose any show 
you want for instant viewing. The 
switch is designed to control video 


| data on coaxial or fiber telephone net- | 
| works and will be tested this year in 


Cerritos, Calif. If the trials prove, the 
company predicts that video confer- 
ences and home videophones could be- 
come common. Other companies are | 
working on similar systems, but the | 
Gee, er, GTE approach relies on cur- 
rent low-cost chip technology. P E 
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| Very High Bond adhesive tape made by 3M 
sticks panels to the ceiling of the United Airlines 
terminal at Chicago's O'Hare Airport. 


Strongest tape? 


Adhesive tape is perhaps the quickest, 
| neatest way to attach one thing to an- 
other. But of course it's not a serious 
fastening system—wimpy, you could 
say. 

Or could you? 

Recently I learned of an adhesive 
tape made by 3M that is being used 
more and more as a replacement for 


rivets and even welding in the assem- | 
bly of trucks, cars, and buses; appli- | 


ances; and electronic equipment. Now 
it’s finding uses in construction, in- 
cluding home building. 
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The tape (Scotch brand, of course) 
goes by two names, either Contractor 


tion market or Very High Bond (VHB) 
for all other markets. The adhesive on 
the tape is an acrylic, a homogeneous 
polymer that does not depend on a 
catalytic reaction (as epoxies do) or 
on solvent evaporation (as do many 
adhesives). 

It bonds like mad because it has the 
ability to flow into the microscopic 
peaks and valleys that make up any 
surface, even one of high polish. It is 
this “intimate molecular contact,” as 
adhesives chemists put it, that is es- 
sential for good adhesion [“The Glue 
Revolution," Aug. '80]. 


faced foam tape (in a range of thick- 
nesses) or on transfer film (in this case 


only the adhesive ends up on the | 
| bonded pieces). In the former version, 


the foam itself is acrylic as well, and 


| that cushy padding helps fill in sur- 
|. face irregularities. It compensates for | 
| differences in thermal-expansion rates 


in the mating parts, absorbs vibration, 
and prevents galvanic corrosion when 
different metals are mated. 

What is really special about the 


acrylic foam, however, is its strength, | 
stemming from a property called | 


viscoelasticity. 

“A viscoelastic substance like acrylic 
foam is a highly energy-absorbing and 
stress-relaxing material,” explains 
Ted Steiner, technical service engineer 
for 3M’s Industrial Specialities Divi- 


sion. "This results in high internal | 


strength.” When pulled in two direc- 
tions, for example, conventional foams 
like urethane and polyethylene can re- 
sist forces up to four to six psi. Acrylic 
foams require 25 to 30 psi before the 
foam breaks, Steiner says. 

But the transfer adhesive has the 
highest shear strength; and it can 
stand temperatures up to 500 degrees 
F for a limited time. 

The first house to be taped together 
(at least the first one 3M knows of) is 
a vacation home on the eastern shore 
of Lake Michigan. The house is built 
of steel posts and enclosed with com- 
posite panels made of thin aluminum 
sheets fused to a plastic core. 

Frame and panels were cleaned with 
a mixture of alcohol and water, then 
strips of CBT were applied to the 


| frame. Next, workers peeled off the 


protective paper from the outside of 


the tape and pressed the panels to it, 


| then used soft rollers to press the 
Bonding Tape (CBT) for the construc- | 


pieces together. 
The tape was used inside the house 
too. Window glass was taped to alu- 


| minum internal framing, and the 


edges were concealed with wood 
frames. 

3M expects CBT to find its way into 
other aspects of home construction: for 
decorative trim, plastic and metal win- 
dow framing, and mirrored or metal 
wall and ceiling panels, for example. 
Someday it may even find its way to | 
hardware-store shelves. Now contrac- 
tors can get it through 3M’s Construc- 
tion Markets (3M Center, 223-48, St. 


| Paul, Minn. 55144). 
The tape comes either as double- | 


Better blanket 


In June 1982 PoPULARScIENCE told you 


| about a then-new approach to insula- 


tion: the Blow-in-Blanket, a loose, 
blown-in fiber insulation mixed with 
adhesives to resist settling. Designed 
to fill the cavities between wall studs, 
the Blow-in-Blanket required a nylon 
netting stapled or glued to the studs | 
to hold it in place. Now the manufac- 
turer, Ark-Seal International of Den- 
ver, has devised another breed of in- 
sulation: Fiberiffic, a foamy blend of 
adhesive, air, and fibers—and this one 
requires no netting. 

Fiberiffic is the consistency of a 
thick, moldable shaving cream, and 


| dries quickly into a “sturdy mass" that 


will not slump or settle, says Ark-Seal 
marketing director Robert Adams. A 
specially designed nozzle mixes the air, 
adhesive, and a form of insulation 
(fiberglass, rock wool, and cellulose are 
common choices). Not only can the 
foam be blown like the Blow-in-Blan- 
ket into cavities, but it also can be 
applied directly to flat surfaces or 
molded around pipes and ducts. 
Fiberiffic's effectiveness lies in its | 
ability to flow into nooks and cran- 
nies to fit any space completely and 
evenly. In contrast, fiberglass batting 
insulation installed between wall 
studs often does not fit tightly around 
electrical boxes and pipes. Conven- 
tional blown-in insulation also can 
leave gaps as it settles over time. 
Although these small voids may 
seem harmless, they lead to heat loss. 
According to a report by Dr. David 
Yarbrough at Tennessee Technologi- | 
cal University, gaps significantly re- 


"ALTERNATING-CURRENT'" HEAT EXCHANGER CLEANS AIR TOO 


SUPPLY MODE 


EXHAUST MODE 


FILTERED AIR TO ROOM 


GAS-REMOVAL FILTERS 


CLEAN, 
FRESH AIR 
TO ROOM 


| Berner's new AQ Plus heat exchanger alternates between supply and 

| exhaust modes every three seconds. In the supply mode (left), it brings 
in fresh air from outside, routing it through the heat-exchange core 
(where it picks up heat in winter and loses heat in summer), then 
through a pollen and dust filter and out into the room. In the exhaust 


duce the R-value of the wall as a 
whole. For example, a five-percent 
void in R-11 batt insulation installed 
in a 2X4 stud wall can drop the wall's 
total R-value to as low as 6.47. 

Although Ark-Seal hasnt an- 
nounced the R-values of Fiberiffic yet, 
Adams says the numbers should ri- 
val that of Blow-in-Blanket, which is 
approximately R-23 for a 2X6 cavity. 
“Fiberiffic may have an even higher 
R-value," says Adams, "but it would 
be jumping the gun to say more at 
this time." 

A late spring 1990 introduction is 
planned, according to Adams. Fiber- 
iffic will be available nationwide from 
selected Ark-Seal dealers.—J. A. Y. 


Heat-exchanger redesign 


Air-to-air heat exchangers (also called 
heat-recovery ventilators) are often a 
good solution to the humidity, stale 
air, and pollution problems that 
plague some energy-efficient houses 
[^Give Your House a Breather," Oct. 
'88]. 

Typically these devices use a sup- 
ply fan to bring in fresh air from out- 
doors and an exhaust fan to remove 
stale air. Both streams are channeled 
through a heat-exchange core, where 
| they travel a serpentine path on ei- 
ther side of a heat-conducting mate- 
rial. In winter, incoming fresh air 
is prewarmed by outgoing stale air; 
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precooled. 

Now, Berner Air Products of New- 
castle, Pa., has introduced the Berner 
AQ Plus—a very different heat ex- 
changer. Rather than running concur- 
rent supply and exhaust streams, this 
machine runs first one then the other, 
alternating between the modes every 
three seconds. Both airstreams are 
sent through the same spaces in the 
aluminum heat-exchange core. 

What's the advantage? Improved 
heat-recovery efficiency, explains sales 
manager Marilyn Myers. The company 
claims that 93 percent of the heat is 
recovered when the fan is running on 
low speed (60 cubic feet per minute). 
At medium speed (113 cfm), efficiency 
is given as 87 percent, and on high 
speed (165 cfm), it's said to be 82 
percent. 

Another unusual feature of the AQ 
Plus is its filters. Stale air from the 
room passes through a gas-removal 
filter before it enters the heat-ex- 
change core. That keeps pollutants 


| in summer, incoming fresh air is 
| Dust and pollen removal (one-to-five- 


from being transferred along with the | 


heat. 

In addition, the AQ Plus continu- 
ously circulates room air, sending it 
through a dust and pollen filter and 


through a gas-removal filter before | 


returning it to the room. The filter re- 
moves 66 to 95 percent of potentially 
harmful gases (formaldehyde, com- 
bustion byproducts, and vapors from 


mode (right), stale room air is routed through a gas-removal filter, 
then through the heat-exchange core (to lose or gain heat). Finally, it 
is vented outside. In both modes some room air is circulated through a 
series of filters and retumed—cdeaned—to the room. (Two fans, not 
shown in the cutaways, drive the airstreams.) 


household chemicals), it's claimed. 


micron size) is said to be 60 percent. 

One AQ Plus unit can clean and 
freshen the air in a 2,000-square-foot 
house, according to the company. The 


| price tag is $599, without installation. | 


"But if you can install a dryer vent, | 
you can install this heat exchanger," 
Myers comments. 


Recycling polystyrene 


Seven manufacturers of polystyrene 
—Amoco Chemical Co., Arco Chemi- 
cal Co., The Dow Chemical Co., Fina 
Oil and Chemical Co., Huntsman 
Chemical Corp., Mobil Chemical Co., 
and Polystar Inc. Plastics—are par- 
ticipating in a massive recycling pro- 
gram. The $14-million program has 
resulted in the formation of the Na- 
tional Polystyrene Recycling Co. 
(NPRC). The goal: to recycle 25 per- 
cent of all disposable household and 
commercial polystyrene products na- 
tionwide by 1995. This, according to 
Dow, is more than the current rate of 
either paper or glass recycling. To 
achieve that level of performance, five 
regional reprocessing facilities will be 
established during the next year. 
The recycling process for polysty- 
rene involves breaking down materi- | 
als like foam cups and plates, pack- 
aging, plastic food utensils, and clear 
plastic food containers into small 
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pieces called fluff. The fluff is heated 
to a molten state and formed into solid 
pellets. The pellets are then shipped 
to manufacturers that turn them into 
such products as toys, office equip- 
ment, and videotape cassettes. These 
products can in turn be recycled when 
their useful life ends. 

The NPRC hopes to work with lo- 
cal recyclers of household polystyrene 
as well as with schools, restaurants, 
and other users of polystyrene pack- 
aging to create a comprehensive col- 
lection system.— T. O. B. 
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New “stone” face 


Masonry has existed in one form or 
another almost since the dawn of civ- 
ilization. It boasts strength and fire 
resistance, and stands up to the ele- 
ments. But it can be difficult to work 
with and has little insulating value. 

Now this ancient substance is being 
used as the outer face of a new wall- 
cladding system that is easy to install 
—and designed to include insulation. 
Furthermore, the facing, of tinted and 
molded concrete, hangs on aluminum 


COLOROC UNITS 


INSULATION 
HEAT RETENTION 


— ALUMINUM BATTENS 


brackets, leaving a ventilating air 
pocket beneath. The system is called 
Coloroc, and it comes from Austria. 
"Our system is unusual in that it 
uses no mortar or adhesive," says 
Edmond DiSanza, executive vice pres- 
ident of Coloroc USA. "Basically, all 
that's required is that you install the 
brackets plumb and level, then hook 
on the Coloroc stones." If you want to 
add insulation, however, you attach 


furring strips to the wall and fasten | 


the brackets to the strips. Rigid insu- 
lation board up to four inches thick 


can be applied between the furring | 


strips. 

The air pocket between the masonry 
facing and the wall serves a couple of 
functions. "It isolates the stone from 
the building to allow for differential 
movement and expansion," DiSanza 
explains, "and it vents moisture to 
keep the insulation dry.” 

The resulting facade looks more like 


| lap siding than like traditional blocks 


or bricks: There are no grout lines. 
Cost, including brackets, but not the 
furring strips or insulation, runs $2.50 
to $3 per square foot. Coloroc USA, 


9453 Ravenna Rd., Twinsburg, Ohio | 


44087.—T. O. B. 


Better melter 


If the lyrics “walking through a win- 
ter wonderland" remind you not of 
glistening treetops but of icy sidewalks 
and driveways, you may be cheered to 
know that a new ice melter called Safe 
Step promises to keep walkways and 
roads free of ice and snow while min- 
imizing some of the problems associ- 
ated with traditional ice melters. 
Manufactured by Koos Inc. in Ken- 
osha, Wis., Safe Step is a mixture of 
three proven melters: potassium chlo- 
ride (potash), sodium chloride (rock 


salt), and urea—plus methyl glucoside, | 


a corn derivative trade-named MG-104. 

Says E. D. Appling, plant manager 
at Koos, "MG-104 is a 'trigger agent. 
It starts the melting process very rap- 
idly. Once the melting compound is in 
liquid form, the other ingredients can 
dissolve and melt through the rest of 
the ice." The result, says Koos presi- 
dent Peter Lederer, is a melter that 


will liquefy ice and resist refreezing | 


even below zero degrees F. 
One of the problems with other ice 


| melters on the market is that they 


harm vegetation. Calcium chloride, 


|| which works at temperatures as low | 


Coloroc concrete cladding hangs on 20-gauge aluminum brackets (photo). Brackets (battens) 
are attached to horizontal furring strips (drawing), which also provide space for foam-board 
insulation. Coloroc "stones," four inches high and 24 inches long, overlap to keep out wind 


and rain. They come in seven earth tones. An acrylic coating seals the surface. 
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as minus 55 degrees F, also leaves an 


oily residue on carpeting if it is tracked 
into the house. Safe Step's formula- 


| | tion, says Lederer, wont stain carpet- 


ing and is gentler than other melters 


to vegetation when used as directed. 

Available throughout the snow belt, 
Safe Step sells for about $2.60 per six- 
pound box.—J. A. Y. 


Outlet seal 


Replace conventional outlet covers 


» with nylon plastic Care Covers, and 


| you can help protect inquisitive young 
| children from potential shock while 


you save energy. The covers have | 


spring-loaded sliding panels that snap 
shut when a plug is removed. A ure- 


The spring-loaded top plate on the Care Covers 
outlet cover slides to the right for use. In that 
position, holes in the sliding plate match those 
in a stationary piece beneath. 


thane-foam gasket on the back en- 
sures a tight seal against the wall. 
The covers were recently selected for 
use in California Showcase '89, a proj- 
ect sponsored by the National Insti- 
tute of Children's Environments, In- 
ternational Furnishings and Design 


| Association, and Valley magazine to 


demonstrate elegance and child safety 
in design. The covers have also won 
the Department of Energy National 


| Award for Energy Innovation. 


Care Covers cost $3 and are availa- 
ble in almond, brown, and white from 


We Care, Inc., Box 873, Pierre, S.D. 
| 57501.—M. D. 


CFCs recycled 


As efforts continue to reduce the emis- 
sion of ozone-damaging chlorofluorocar- 
bons into the atmosphere, a small step 
forward has been announced by Whirl- 
pool Corp. The company says it has 
developed a way to retain the chloro- 
fluorocarbon refrigerants in refriger- 
ators and freezers during at-home re- 
pairs. These gases would normally be 
vented to the air. The process involves 
using a multi-layered plastic bag to 


capture the gas and take it to a recycl- | 


| ing center for eventual reuse.— T. O.B. 
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We hope you'll ask for a Jack Daniel's sometime soon. You won't be disappointed. 


THE LABEL on a bottle of Jack Daniel’s Whiskey 
is for folks who aren't too impressed by labels. 


Our label has always lacked color, dating to when 
Jack Daniel sold whiskey in the crocks up above. 
You see, our founder said what went in his 
bottle was more important than what 


went on it. And we still say that at E 

our Tennessee distillery today. If your E 
| interest lies in a truly smooth sippin’ 1 anii 

whiskey, we recommend Jack Daniel's. {2254 


But if you like colorful labels, well, 
theres no shortage of brands to 
pick from. 


SMOOTH SIPPIN'’ 
TENNESSEE WHISKEY 


Tennessee Whiskey « 40-43% alcohol by volume (80-86 proof) « Distilled and Bottled by 
Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 
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Profile in quality #14: 
Driveability. 


The sophisticated engineering of today’s 

Ford Motor Comparty cars and trucks is truly 
remarkable. For instance, today's Mercury 
Cougar XR? and Ford Thunderbird Super Coupe 
have a speed sensitive electronic rack and pinion 
steering system that provides optimum driving 
control. Their new adjustable suspension system 
monitors driving conditions, automatically 

making adjustments to optimize ride and 

- And both cars are equipped with 
four-wheel disc anti-lock brakes. 

If your goal is to build the highest quality cars and 
trucks in the world—you don't do it any other way. 


Ford, Me 


rcury. 
Our goal is to build the 
and trucks in the world: 7 


Buckle up—together we can save lives. 
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;, Lincoln, Ford Trucks. 
highest quality c cars 


FORD MOTOR COMPANY 
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Tokyo's biennial auto extravaganza has become the premier technology show- 
case on the car-show circuit. This year's entries give a good look at 
tomorrow's automotive state of the art. 


JAPAN'S CARS FOR | 


By DON SHERMAN | 


Tokvo  five-speed automatic transmissions, 
hile engineers in De- and on-board navigation systems, their 
troit are scrambling to counterparts in Japan are watching 
design active suspen- these technological advances roll off 
sions, electronically assembly lines and into the hands of 
controlled valve trains, customers. Japan's auto industry now 


The Mythos concept car, sculpted by Italian design company Pininfarina, 
was unveiled at the Tokyo Motor Show. Based on the Ferrari Testarossa's 
mechanical components, the Mythos is a whimsical roadster, lacking side 
windows and a roof. Its spare unencumbered lines are only slightly dis- 
turbed by a rear wing that rises to help stabilize the car at high speed. 
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The interior of the Isuzu 4200R features a small | 
square-shaped instrument panel and four-point 
seat belts. 
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Isuzu's 4200R prototype (ahove) is 
powered by a mid-mounted 4.2-liter 
quad-cam V8 that produces 300 horse- 
power and rides on a Lotus-tuned 
active suspension. 


has a clear lead in the engineering 
race with the West, and the array of 
exotic concept cars and ready-for-the- 
showroom models presented at this 
year’s Tokyo Motor Show suggest that 
European and American manufactur- 
ers will have a challenge catching up. 

eNissan and Toyota introduced ac- 
tive suspensions for home-market ver- 
sions of the Infiniti Q45 sport sedan 
and Celica, respectively. In the Nissan 
system, a computer controls hydrau- 
lic actuators that replace coil springs 
and shock absorbers. The suspension 
receives information from 10 sensors 
to adapt continuously to road condi- 


tions and keep the body level. Top: Mazda created this racy vest-pocket 


eHonda showed two advanced en- sports car to test the limits of Japan's 
gines that will roll forth this year—a micro-car (550-cc) format. The AZ550 has 
48-valve V12 for Formula One racing gull-wing doors and is powered by an 
and a 270-horsepower three-liter V6 intercooled turbocharged 550-cc three- 
with variable-valve timing and lift for cylinder mid-mounted engine. Middle: The 
the Acura NS-X sports car that is new Mazda Cosmo coupe introduces se- 
expected to arrive in the United States quential turbocharging, the world’s first 
in the middle of this year. three-rotor engine design, and a naviga- 

eThe star of the Subaru stand was tion system that relies on communication 
the Jiotto Caspita, a road-going sports satellites. Right: Subaru’s sleek SVX show 
car capable of competing in Group C car will likely replace the elderly XT sports 
races like the 24 hours of Le Mans. coupe. Power comes from a high-output 
Low-volume production is planned for 3.3-liter flat-six engine. 
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An unlikely triumvirate—a Japanese 
brassiere maker, an Italian Formula One 
team, and Subaru—have teamed up to 
produce the sensational Jiotto Caspita. 
Both its body and chassis are made of 
lightweight carbon fiber. In race tune, 
the 60-valve horizontally opposed 
12-cylinder engine is said to be 

capable of 650 horsepower. 


"— 
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Caspita’s two-tone cabin has a functional race-ready appearance. 
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A pair of throwbacks to another age from 
Nissan: The retro-styled Figaro (left) has a 
roll-back top, rounded bodywork, and period 
chrome-plated trim. The Chapeau (hat in 
French, below) is a chic delivery vehicle that 
combines high style with excellent cargo-carrying 
capability. Chapeav's sliding side door and 
walk-through rear compartment would be a 
boon to croissant deliverers everywhere. 


1991 at an expected price of well over 
$200,000. 

eBoth Subaru and Toyota offered 
show-goers a glimpse of efficient two- 
stroke engines for the future. 

eIsuzu showed an adiabatic (low 
heat loss) turbo-compound diesel en- 
gine, which uses ceramics and an ex- 
haust-driven generator to wring every 
last bit of energy from a drop of fuel. 

eMitsubishi has added actively con- 
trolled aerodynamic surfaces—includ- 
ing air brakes—to its HSR-II research 
vehicle. 

eMazda showed a W12 engine (three 
cylinder banks arranged at 60-degree 
intervals, each containing four pistons) 
and a lighter, more efficient version 
of its current 1.3-liter rotary engine. 


very car maker presented a sports 

car of one type or another in keep- 

ing with the show's theme: free- 
dom of mobility—a taste of real life 
and luxury. This in no way diluted the 
exhibitions perennial celebration of 
advanced automotive technology and 
engineering. Nor did it deter Japan's 
best stylists from executing their most 
fanciful designs. 


Mazda relocated a front-wheel-drive power train to the rear and 
rotated the package by 90 degrees to provide four-wheel drive 

on its TD-R on/off-road sports car, shown below. The chassis can be 
readily raised to provide 9.1 inches of ground clearance (right). 
Gull-wing doors provide access to the cabin. 
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Get used to what designers call the one-box 
shape because yov'll be seeing more of it in the 
future. Nissan's Primera-X (left) is a four-cylinder 
front-drive sedan with an astounding 0.25-coef- 
ficient-of-drag rating. Big on the inside and trim 
on the outside, the rounded Boga, shown below, 
is Nissan's concept of the urban car of the 
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future. To combat crime, the doors unlock only 
= cem T when sensors in the door recognize pre-pro- 
— AES S  grammed fingerprints; artificial fragrances auto- 

— matically waft into the interior. As the third in a 
series of futuristic sedan designs, Nissan's NEO-X 
(left) doesn't have a sharp edge on its body. The 
car's computers use "fuzzy logic" to make 
subjective decisions in the face of ambiguous 
information from sensors in areas such as con- 
trol of the engine, transmission, and brakes. 
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Three styling approaches to the design of a modern sport coupe: The chunky Volkswagen Corrado G60 (above) contrasts sharply 


with the angular Ford Probe LX (below) and the bulbous Toyota Celica GT (right) 
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Wind-cheating bodies and high-output engines add up to 
sports car exhilaration, with room for four. 


By DON SHERMAN 
PHOTOS BY JOHM B. CARMETT 

: AES. n the automotive 
P L^. | totem pole, sport 
NY TN n, T coupes are one 
WANN P notch down from 

pure two-seat, 
toss-out-the-baby 
sports cars. What 
: they share with 
Ferraris, Porsches, and Corvettes, how- 
ever, is a potent engine, a capable 
chassis, and leading-edge engineering. 
And like the pure two seaters, a good 
sport coupe is designed to spin heads 
—but with the added attraction of 
room inside for double dating or 
luggage. 

This is one of the most competitive 
corners of the automotive market be- 
cause a potent sport coupe can boost 
a car maker's image quicker than even 
the most capable family sedan could 
possibly hope to. In this class, sheet- 
metal fashions come and go seemingly 
overnight while manufacturers try to 
beat the competition to the market 
with engineering improvements that 
put more zip in their sport coupes. 

We set out to find out how well three 
sport coupe makers succeeded in ful- 
filling this mandate. POPULAR SCIENCE 
gathered a Ford Probe LX, a Toyota 
Celica GT, and a Volkswagen Corrado 
G60. Each contender brought a dis- 
tinct power-train philosophy to the 
test: 

eThe Celica's engine is the most 
conventional. It's a 2.2-liter four-cyl- 
inder design that brims with modern 
features: dual-overhead camshafts, 
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Volkswagen Corrado G60 
| Toyota Celica GT 
Ford Probe LX 


ACCELERATION | 
and HANDLING. 


0-30 mph [sec] .... 
0-60 mph (set)... 
30-50 mph wo 
50-70 mph Bx. ——— 
Double-lone change ini. 
Slolom (mph) .... 
Road-holding D... We 
BRAKES 


60-0 mph hot [it.) ... 


INTERIOR NOISE 
idle (dB)..... 
60 mph (dB)... 


SPECIFICATIO NS 


Engine..... JOL Vé 221 4 | 1.8L Supercharged M 
Vahe 1r train... | Pushrod 2 wolves! cylinder DOHC 4 volves/ cylinder SOHC 2 valves/ cylinder 
Power at engine — thp e ui 140 @ 4,800 130 @ 5,400 158 @ 5,600 
ee (lb.-ft. @ Ld 160 @ 3,000 140 @ 4,400 166 @ 4,000 
Compression ratio... sian sa | Sel 95:1 6.0:1 

Transmission ...... sese | SSpead manval 4-speed automatic 5-speed manwal 

Final drive ratio... | 3:851 303:1 3.68:1 

CHASSIS 
Front suspension sss | Independent, MacPherson Independent, MacPherson strut, | Independent, MacPherson 
strut, lower control orm coil spring, anti-roll bor strut, lower control orm, 
coil spring | coil spring, anti-roll bar 

Rear suspensión esses. | Mndependent, multi-link with | Independent, multi-link, Independent, beam axle, coil 

trailing arm, coil spring, coil spring, anti-roll bor i 
onti-roll bar 

Steering gear... isses | Rodeand-pinion Rack-and-pinion 

Yorning cirde (H) ns be. | 36.1 

m MILEAGE 
DIMENSIONS 

Longhi. [I]. cssc] RD | 176.0 

Width (in.].. OEE EE tee 87.1 

Height (in.... " | 519 50.6 

Curb weight (ls. J distribution % front: nii. T 2575/84:36 | 2,799/65:35 

Fuel tank (gol) .. "—— m — | 153 

Interior volume (n. f). MUNDUS al | à 


Trunk volume (cu. ft.)..... 


Base pritë... 
Price as esed... 
Major options |over er $100). 


514,608 
| $15,063 
| Air conditioner 5825; stereo $220; 
| cruise control $210 


ABS $835; leather interior $710. | 
sunrool $695 | 


53,182; ABS 5924; steree $709; 
less 51,000 discount 
PS SERVICEABILITY 
Total of 12 d of 60 points) items... 
Best feature .... MENDA 
Worst iim. 


SPARE-PARTS cost 
Brake pods, front... 
Broke pads, rear .. = 
Front shock strut in insert "ei. EE 
WM uiii i eee 


45 
Fluid check and fill 
Dil filter access 


* not available 
FEBRUARY 1990 
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four valves per cylinder, fuel injection, 
and extensive electronic controls. It’s 
also a screamer with a 140- pound-feet 
torque peak at 4,400 rpm, a 130-horse- 
power peak at 5,400 rpm, and a 6,300- 
rpm redline. 

eIn stark contrast, the Probe LX's 
V6 has a torque peak of 160 lb.-ft. at 
only 3,000 rpm. This 60-degree push- 
rod design is straight from the Taurus, 
and it develops 140 hp at a relatively 
sedate 4,800 rpm. 

eThe Corrado uses a small (1.8 li- 
ters of piston displacement), relatively 
simple four-cylinder engine (single 
overhead camshaft, eight valves, non- 
cross-flow head design), aided and abet- 
ted by a supercharger. The belt-driven 
blower is called a G-charger by Volks- 
wagen engineers because the device's 
internal passages look something like 
the letter G. It has two intermeshed 
spiral scrolls that rotate to draw in 
air and deliver it under pressure to 
the intake manifold. After being com- 
pressed, a conventional air-to-air in- 
tercooler reduces the air's temperature 
by 130 degrees F to restore its den- 
sity. The bottom line is 158 hp at 5,600 
rpm, impressive for such a small dis- 
placement engine, a 166 lb.-ft. torque 
peak at 4,000 rpm, and a 6,200-rpm 
redline. 


Individual styling 


The Celica is a notchback with a 
conventional trunk, a compact green- 
house, and softly rounded corners. At 
the opposite styling extreme, the Probe 
is a sleek, tubular hatchback with a 
steeply sloped windshield and wrap- 
around side glass. The Corrado is also 
a hatchback, but smaller and with a 
decidedly chopped appearance. It looks 
muscular and aggressive in compari- 
son with the lean Probe and the “Jell-O 
mold" Celica. 

Inside, the floor plan is essentially 
the same for all three. Front passen- 
gers get form-fitting bucket seats and 
adequate leg- and elbowroom. The two 
rear passengers get whatever is left 
over and that usually isnt much. Knee 
room is tight, and the sexy roof lines 
characteristic of this class invariably 
impinge on rear headroom. 

These coupes aren't intended to be 
grocery carriers, SO we were under- 
standably eager to gauge their go, 
stop, and turn abilities at the test 
track. Even though the Probe had the 
heaviest curb weight and substantially 
less peak power than the Corrado, it 
ran off with most of the acceleration 
laurels. It was quickest in getting to 
30 mph and 60 mph, as well as pass- 
ing the pack in 30-to-50-mph top-gear 
sprints. Saddled with an automatic 
transmission, the Toyota Celica GT 
was the slowest car of the test. How- 


Discover Your Career Potential In The 
Fast Growing Field Of High-Tech Electronics! 


CIE Gives You The Training You Need to Succeed.. 


At Your Own Pace.. 


| youre anxious to get ahead ...and 
build a real career...you owe it to 
yourself to find out about the Cleveland 
Institute of Electronics! 

CIE can help you discover your 
career potential in the fast growing 
field of high-tech electronics. A career 
that will challenge and excite you 
every day...reward you with a powerful 
feeling of personal accomplishment... | 
and deliver a level of financial security 
you may have only dreamed of before! 

As the leading school in home-study 
electronics, CIE has helped over 
150,000 students in the U.S.A. and 
over 70 foreign countries get started in 
this exciting field. To find out how CIE 
could be helping you...read on...then 
send for a CIE catalog TODAY! 

A Growing Need For 
Trained Professionals! 

The career opportunities shown here 
are only a few of the challenging, high- 
paying careers you could enjoy as an 

electronics technician. 
| You could be the "brains" behind the 
scenes of an exciting TV broadcast... 
trouble-shoot life-saving medical equip- 
ment...design exotic new aeronautics 
systems...CIE's job-oriented programs 
offer you the quickest possible path to 
the career of your dreams! And CIE also features 
military and union re-training, to build on what 
| you already know. 
Dozens 0f Fascinating 
Careers To Choose From! 

Even if you aren't sure which career is best for 
you, CIE can get you started with core lessons 
applicable to all areas of electronics. As you 


Consumer Electronics 


Personal Training From A 
Renowned Faculty. 

Unlike the impersonal approach of large class- 
room study, CIE offers you one-on-one instructional 
help 6 days a week, toll-free. Each CIE lesson is 
authored by an independent specialist, backed by 
CIE instructors who work directly with you to 
answer your questions and provide technical assis- 


.& In Your Own Home! 


Practical Training... 
At Your Own Pace. 

Through CIE, you can train for your 
new career while you keep your pres- 
ent job. Each course allows a gener- 
ous completion time, and there are 
no limitations on how fast you can 
study. Should you already have some 
electronics experience, CIE offers 
several courses which start at the 
intermediate level. 

“State-Of-The-Art” 
Facilities & Equipment. 

In 1969, CIE pioneered the first elec- 
tronics laboratory course, and in 1984, 
the first Microprocessor Laboratory. 
Today, no other home study school can 
match CIE’s state-of-the-art equipment. 
And all your laboratory equipment is 
included in your tuition cost. There is 
no extra charge—it's yours to use while 
you study at home and on the job after 
you complete your course! 

Earn Your Degree To 
Become A Professional 
In Electronics! 

Every CIE course you take earns you 
credit towards the completion of your 
Associate in Applied Science Degree, so 
you can work towards your degree in 
stages. And CIE is the only school that awards you 
for fast study, which can save you thousands of 
dollars in obtaining the same electronics education 
found in four-year Bachelors Degree programs! 
Write for details today! 


Send For Your  . | 
Catalog Today! ‘sax; 


Military Electronics 


advance, CIE makes job opportunities available tance when you need it. 
to you through the bimonthly school paper, pITED ga m 
The Electron. To. — ————————————- 3 - 
ss > “© | CIE World Headquarters 
| : BAIT AROS i T: —— 
qe dex m ETC E | Cleveland Institute of Electronics, Inc. 
S | 1776 East 17th St., Cleveland, Ohio 44114 APS-57 
o 


A | Print Name 


| ci YES! Please send me your independent study catalog (For your convenience, CIE 
| — will have a representative contact you— there is no obligation.) 


| Address . Apt # 
City/State/Zip 
Age Area Code/Phone No. f 
Check box for G.I. Bill bulletin on educational benefits: © Veteran O Active Duty 


Mail This Coupon Today! 


CERA 


ever, our first opportunity to test a five- 
speed-equipped Celica GT showed it 
could accelerate to 60 mph in 9.8 
seconds. 

An anti-lock braking-system option 
is avallable on most of today's sport 
coupes. However, to get a Celica with 
ABS, the wider GT-S or four-wheel- 
drive All-Trac model must be ordered. 
The lightweight, fat-tired VW was the 
big winner with stops below 130 feet 
from 60 mph in all tests. The Probe 
took roughly 10 extra feet to come to 
a complete halt from 60 mph. Stop- 
ping distances in the Celica varied 
from 143 feet with warm brakes to 163 
feet for a cold system, which simulates 
a panic stop. While the lack of ABS 
is a distinct disadvantage, some of the 
blame must be attributed to the Cel- 
ica's rear drum brakes and the com- 
promises inherent with its 65-series 
Michelin four-season tires. 

In handling tests, the Corrado dem- 
onstrated the most adhesion on the 
skid pad, but that advantage did not 
last through the slalom and lane- 
change tests. We noticed that the 
supercharged VW often corners on 
three wheels, a quality that is more 
disconcerting to observers than to the 
driver. What the driver feels, however, 
is ragged unpredictable behavior at 
the limit of adhesion, particularly dur- 
ing aggressive maneuvers. The Cor- 
rado feels solid and unshakeable, then 
suddenly snaps loose; gathering it up 
once it exceeds adhesion limits is more 
of a challenge than the other two cars. 

The Celica had the least grip to 
work with (again, partially the fault 
of its tires), and showed heavy under- 
steer characteristics. On the skid pad, 
the Probe exhibited a peculiar saw- 
tooth pattern: stick, then slip at the 
adhesion limit. This posed no problem 
whatsoever on our dynamic handling 
courses. 


Coupes take to the road 


The objective test results provided 
an interesting framework for the sub- 
jective findings we noted while driv- 


ing this trio of sport coupes over sub- | 
| back that was left in the dryer too long. The new Celica struggles to escape from today's 


urban byways and back roads. As we 
expected, the dominant gene of any 
sport coupe is its engine. Once you 
specify the power under the hood, 


you've determined the car's major per- | 


sonality traits. 

Taking them in alphabetical order, 
the Ford Probe LX is the suave, so- 
phisticated member of this group. 
With two extra cylinders, the largest 
total piston displacement, and excel- 
lent balance, its engine simply doesnt 
generate much commotion. In compar- 
ison with the clamorous Corrado, the 
Probe is practically limousinelike in 
its comportment. Tap the throttle and 
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ROM 0—60 -— es BRAKING 60-0 mph (ft.) | 


FORD PROBELX - 


you get most of what the three-liter 
V6 has to offer without downshifting 
or waiting for the revs to approach the 
redline. Both the quantity and qual- 
ity of the Probe's cockpit noise are 
vastly superior to what you'll experi- 
ence in the Corrado. For example, dur- 
ing acceleration to 60 mph, the Probe 
is a whopping five decibels quieter 
than the sporty Volkswagen. 

The down side is that the Probe's V6 
gives all it has at low to medium en- 
gine speeds, saving nothing for a brisk 
sprint to the redline. Remember, this 
engine has its origins in a sedate fam- 
ily sedan, and it's tuned to pull well 


VOLKSWAGEN CORRADO G60 - 


150 


at low rpm rather than to melt rub- 
ber off the tires when the tachometer 
reads 6,000 rpm. The V6 gives the 
Probe LX the metabolism of a cruiser 
rather than a charger. In other words, 
if you're serious about the sport part 
of the sport coupe designation, this is 
not the Probe for you. The GT model, 
equipped with a turbocharged and 
intercooled 2.2-liter four-cylinder that 
makes a little more horsepower and a 
lot more torque, is the most energetic 
Probe [*6 Quick Coupes," Sept. '88]. 

Our sound meter rated the Celica 
and the Probe equal in interior noise 
level while accelerating to and cruis- 


SPORT COUPE BALANCING ACT 


The Volkswagen Corrado G60, Ford Probe LX, and Toyota Celica GT represent the third and 
fourth generations of the basic sport coupe theme originated in the 1950s by the Volkswagen | 
Karmann Ghia, updated with the Mustang in the 1960s, and refined with the Toyota Celica in 
the 1970s. These cars are made by dropping a sporty two-door body over a sedan platform, 
resulting in a car with sporty intentions, but many compromises due to their lineage. 

The Celica has come a long way from its genesis that strongly resembled a Mustang fast- 


styling cliches with a radically sculpted shape that is only partially successful. From some 
angles, the Celica GT tends to look lumpy rather than muscular. On the road it is strong, 
tight, and solid with quick steering and a lively engine even when hampered with an auto- 
matic transmission. In many ways it's the best Celica yet. But it's still tail-happy and too | 
anxious to swap ends when the throttle is lifted in a corner. 

The funky, abbreviated Corrado nearly overwhelms you with personality, from the chopped 
appearance of its exterior to the spoiler that elevates at 45 mph, so you can wave at your 
friends as you pass them on the highway. Underneath, however, it's still a rough-and-ready 
Golf chassis, with its attendant problem of rear-wheel lift in hard corners. Like the Golf, it 
can be of two minds—either a flat-out ball to drive, or grumbly and rough. To make the most 
of this hybrid you must pick your roads carefully. 

In contrast, the Probe has gained some road manners and polish with the addition of the 
Taurus V6. The engine, while inferior to the Probe GT's turbocharged four-cylinder engine in 
an all-out drag race, feels superior around town. Torque steer, the main handling flaw of the 
first-generation Probes, has been subdued, but not eliminated, in today's V6-powered ver- 
sion. The car's overall sense of balance makes this my favorite. —Dan McCosh 


ing at 60 mph. The Celica is substan- 
tially quieter at idle than either the 
Volkswagen or the Ford. What the me- 
ter doesn't tell you is that the Toyota's 
engine noise at times is quite annoy- 
ing. The Celica is powered by a rela- 
tively large displacement four cylin- 


der, and the inherent characteristics | L 


of such engines are difficult to civi- 
lize. Balance shafts—not used by 
Toyota—special engine mounts, and 
sound-deadening material help, but 
it’s an engineering fact of life that a 
four-cylinder engine will always roar 
as the tachometer needle sprints to- 
ward the red zone. 

With the transmission lever in D 
and the engine at idle, the Celica's 
feisty four-cylinder shakes the floor 
pan with a tingly Vibra-Massage. Run 
this engine through its full rpm range 
and there's a powerful resonant boom 
at 4,000 rpm and then again at 5,000 
rpm. To its credit, the Toyota's engine 
responds willingly to a nudge of the 
gas pedal, and it readily revs to its 
6,300-rpm redline. The Celica GT also 
takes fuel-economy honors in this test. 


Supercharger questions 
The VW Corrado's small, hard-work- 


ing four-cylinder engine makes its 
presence known almost constantly. 
Unfortunately, the sounds it produces 
aren't the well-oiled tones of sophisti- 
cated machinery humming content- 
edly. Instead the Corrado grumbles 
along at low rpm, booms through its 
mid-range, and screams as if in se- 
vere pain as you prod it toward the 
6,200-rpm redline. À logical question: 
What is the supercharger's contribu- 


tion to this din? According to VW en- | 


gineers, the G-charger is actually 
quiet in its operation, so it should not 
be blamed as the source of the Cor- 
rado's clatter. In terms of imparting 
some special surge to the acceleration 
curve, the supercharger's contribution 
is equally ambiguous. There is no 
boost gauge to alert you and no kick 
in the pants when the whirling spi- 
rals swing into action. 

Like any supercharging device, the 
G-charger has a limited operating 
range. It can be engineered to aug- 
ment the lower half of the rpm band 
or the upper half, but not both. No 
doubt VW engineers have picked the 
low end—say from 2,000 to 4,000 rpm 
—because this is where most day-to- 
day driving takes place. Unfortunately, 
hard-bitten driving enthusiasts expect 
the supercharger to thrill them beyond 
4,000 rpm, and this is sadly not the 
case. The solution we'd recommend is 
an engine substitution: Keep the G- 
charger but replace the Corrado's rus- 
tic 1.8-liter four-cylinder with the 
VW's twin-cam 16-valve engine that's 


ACTIVE SPOILER 
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There are two coefficients that car designers use to describe how the body will behave while 
in motion: the well-known coefficient of drag (C4), which is a measure of the car's aerody- 
namic efficiency, and the less famous coefficient of lift (C), which predicts the body's action 
at high speed. A positive C, indicates that air rushing around and over the body will cause lift 
as the car's speed heads toward triple digits, as if the wind is plucking it from the road. A 
negative C, corresponds to a design whose downforce steadily builds with increasing speeds, 


adding stability to the car. 


There are two techniques at the designer's disposal to reduce lift. Either spend countless 
hours in the wind tunnel honing the body's surface to generate the required downforce, or use 
add-on devices to redirect the flow of air and provide downforce as needed. The Volkswagen 
Corrado and Porsche 911 Carrera 2 and 4 both use active rear spoilers that automatically 
extend at a set speed to deflect the air that flows over the car's rear to build downforce with 
speed. In the Corrado's case, the rear wing pops out of the hatchback at 45 mph (see photo 
right) to reduce lift by nearly two-thirds, or the equivalent of adding 66 pounds of downforce 
to the rear, according to VW. At 25 mph the wing returns (see photo left) to its retracted 
position. While this is doubtlessly interesting technology, it is more appropriate for use on 
Germany's unlimited-speed Autobahns rather than American highways.—Brian Nadel 


used in the Golf GTi and Jetta GLi. 
When the hoods are closed and the 
quick driving begins, the Corrado has 
the sharpest reflexes, the best steering 
feel, and unshakeable directional sta- 
bility. Firm bucket seats, a thought- 
fully designed four-spoked steering 
wheel, and well-positioned controls go 
a long way toward convincing you that 
this is a genuine sports car. Unfortu- 
nately, the Corrado's ride is harsh over 
expansion joints, and the cable shift 
linkage has a springy feel in every 
gear. However, all things considered, 
the Volkswagen Corrado wins our fun- 
to-drive honors, the highest acclaim 
we can bestow on a sport coupe. 
The Probe LX's mission is not as 
aggressive as the Corrado's. The V6- 
powered LX is aimed at those who ap- 
preciate a blend of high style and pol- 
ished manners. The engine holds up 
its end of the bargain, but the chassis 
is occasionally disappointing. We no- 
ticed a distinct tendency for the Probe 
to pull right during hard acceleration 


as if drive-line and front-suspension 
components were slightly at odds with 
the world. And while this car does ab- 
sorb sharp impacts with aplomb, its 
ride motions feel excessively jouncy 
over reasonably good pavement. The 
Probe LX is our recommendation to 
those buyers who rank styling and all- 
around comfort well ahead of driving 
prowess. 

The Celica GT's claim to fame is a 
well-balanced personality: It rides bet- 
ter than the Probe and handles nearly 
as well as the Corrado. The curvaceous 
Celica also comes equipped with a 
driver's side air bag, so you don't have 
to fight the motorized front shoulder 
belts as on the Probe and the Corrado. 
And second, with a price sticker be- 
tween $1,300 and $4,300 below the 
competition, the Celica is the group's 
value leader. Sport coupes are sup- 
posed to put a grin on your face. If 
they make you smile by leaving a few 
extra dollars in your wallet, so much 
the better. EH 
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A five-passenger propeller aircraft that gets 35 mpg...a business jet with fuel 
economy twice that of comparable aircraft ...or a piston-driven racer built for jet 
speeds. Burt Rutan, master of aeronautics, reviews some of his newest creations. 


By JIM SCHEFTER 


Mowave, CALIF. 
nside Scaled Composites’ cav- 
ernous hangar and aircraft 
plant at Mojave Airport, you 
seldom hear metal being cut. 
Instead, the smell of compos- 
ite resins fills the air, and a 
powdery white dust—quickly 
cleaned away—settles on exposed 
surfaces. 

Burt Rutan, the company’s 46- 
year-old president and founder, 
thinks of the hangar as an avia- 


tion candy store. Rutan has pio- 
neered a remarkable variety of 
aircraft made from glass and car- 
bon-fiber composites. Today he is 
surrounded by new airplanes and 
projects, all demanding his time 
and creativity. Rutan loves it: "A 
guy at a normal company gets to 
work on two or three airplanes in 
his whole career. l've done twenty- 
three airplanes in twenty years. 
I'd have never gotten this far on 
somebody else’s payroll.” 


Recently I watched several of his 
latest creations come together and 
saw others in operation: 

eCatbird is a sleek single-pro- 
peller plane that seats five. The 
design, first tested in 1988 and 
continually upgraded, offers re- 
markable speed and fuel efficiency. 

eTriumph is a business jet with 
design features similar to the Cat- 
bird (cover photo). Rutan unveiled 
the aircraft, also touted for its fuel 
efficiency, in Atlanta last October. 


ePond Racer is a small single-pilot 
twin-prop aircraft designed to break 
speed records and win unlimited-class 
air races. Rutan says the plane's two 
automotive racing engines should pro- 
vide jet-aircraft speeds when it flies 
this year. 

eMud Fighter, not completed at this 
writing, is a highly maneuverable jet 
designed for close-support battlefield 
missions. The fighter's engine inlet is 
mounted on one side of the fuselage; 
a machine gun will be mounted on the 
opposite side. 

Even as exotic new aircraft emerge 
from Scaled Composites hangar 78, 
others move into museums as more ex- 
amples of work by the world's great- 
est living aircraft designer. I spotted 
one of these, unofficially named SMUT, 
for Special Mission Utility Transport, 
tied down on the tarmac outside the 
hangar. The plane's outlandish design 
—tandem wings linked to two long en- 
gine nacelles and the main fuselage 
—suits its odd nickname. SMUT, made 
of composite material and scaled to 62 
percent of full size, showed military 
planners how an aircraft can combine 
short takeoff and landing capability 
with heavy payloads and long range 
[^Rutans Tandem-Wing Transport,” 
Sept. '88]. This demonstration aircraft, 
having launched further research, is 
being retired to a museum at nearby 
Edwards Air Force Base. 

These examples represent an aston- 
ishing output from the plant, since 
Scaled Composites has only about 60 
employees. Other projects, some secret, 
are also underway. How do they do it? 

"Burt is the guru," says Col. Doc 
Dougherty, who worked with Rutan on 
the Defense Advanced Research Proj- 
ects Agency's SMUT aircraft, which 
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has been dubbed the Advanced 

Technology Tactical Transport by 

the military. “He has in his head 

all the systems and technology that 
go with a project. When he decides 
how he wants to do something, all 
that's left is to gather six or seven 
guys on the hangar floor, tell them 
what he's thinking, and then go 
off and do it. 

"He's the master craftsman. 
There's no computer system yet 
that can replace the masters, the 
Kelly Johnsons, the Howard 
Hugheses, the Burt Rutans," 
Dougherty says. 

Rutan shrinks from being in- 
cluded in such august company. 
He doesnt seek publicity. "I dont 
lay claim to discovering any- 
thing," Rutan says. Then the 

lanky aeronaut scuffs his boots 

on the tile floor of the pyramid- 
shaped house he designed ["21st 

Century Pyramid," Nov. '89], 

shoves his hands into his jeans pock- 
ets, and thinks again. 

“Well,” he admits, "Ive had some 
inspirations that I guess you could call 
designs or inventions." Most of Rutan's 
older inspirations with names like 
VariEze [Nov. 78], Long-Ez, Voyager 
[Sept. '84], and Starship [June '84] are 
classics that still retain the look of 
tomorrow. 

More recently, Scaled Composites 
built the sail wing for the U.S. entry 
in the America's Cup race ["The Odd 
Couple," Sept. '88]. And last summer, 
as the desert heat approached 100 de- 
grees F at the airport, the wings for 
the unique air-dropped space rocket 
Pegasus [“Winging It Into Space,” May 
'89] also formed in a large hangar pro- 
duction room, then were shipped to 
Edwards Air Force Base for mating 
to the rocket body. Small teams of spe- 
cialists in the black magic of fabri- 
cating lightweight, high-strength 
composite structures immediately 
went to work on the next Pegasus 
wings. 

And in a secure area of the plant 
where no visitors are invited, some- 
thing else is happening. Rutan won't 
say what, except that it’s not a gov- 
ernment project. 

Whatever it is, it’s part of the most 
active and exciting period yet in Burt 
Rutan’s already fabled career. 

Rutan has completed many of his 
projects in record time. “We developed 
the [America’s Cup] wing on a very, 
very ambitious schedule,” Rutan told 
a group of scientists and manufactur- 
ing executives a few months ago at a 
gathering marking the tenth anniver- 
sary of Carnegie-Mellon University’s 
Robotics Institute. His team designed, 
tooled, built, tested, painted, and de- 


livered a 90-foot wing in just 13 weeks. 
When the race was moved to a new 
course, requiring a larger sail, Rutan 
had a 108-foot-tall wing ready in eight 
weeks. It wasnt easy. "We found this 
so complex compared to the problems 
we normally have designing airplane 
wings that we were shocked people 
learned to sail before they learned to 
fly," he said. 

Designing Voyager, the plane that 
flew around the world nonstop with- 
out refueling, Rutan made only 28 
drawings. "Some of the drawings were 
made on pieces of the material and 
cut out," he recalled. 

How does Rutan develop planes so 
quickly? One way is by using compos- 
ites. “You can prototype with compos- 
ites much quicker than you can with 
metals," he told the group. The Peg- 
asus project demonstrated his point. 
A metal structure for hooking Pegasus 
to the B-52 that drops it didn’t work. 
The structure, a pylon adapter that 
had been under development for 
months, had cracked and couldn't be 
repaired. Redesigning it would have 
held up the whole project. The vice 
president of engineering at Orbital 
Sciences called Rutan to tell him of 
the emergency. 

"He picked me up at six a.m. On 
the way over to Bakersfield [to look 
at the cracked adapter], we discussed 
whether we could build a composite 
replacement. Driving back, I showed 
him some sketches of how we'd do it. 
I said, 'Let's consider that this is the 
preliminary design review, and we'll 
schedule the CDR [critical design 
review] for tomorrow at five o'clock: 
We brought a one-fifth-scale model to 
the meeting. We had [a full-size proto- 
type] into test fourteen working days 
after the meeting." 


a teenage Rutan kneeling on the 

concrete in a cluster of flying 
model airplanes. Not much has 
changed. He still kneels on the con- 
crete, still builds models. They're just 
bigger now, and carry people. 

He designed his first "real" airplane, 
the single-seat VariViggen, in 1967 and 
built it in his garage between 1968 
and 1972. That project eventually led 
him to a thriving business selling 
plans to members of the home-built 
cult, who build and fly their own ma- 
chines. Like most other planes Rutan 
has designed, VariViggen had a for- 
ward wing, or canard, to improve its 
aerodynamics and make it virtually 
stall-proof. 

But it was a scale model of a de- 
sign started at college in the early 
1960s, later modified and named the 
VariEze, that put Rutan at the head 


A: photo in his office shows 


of canard-aircraft pioneers. While ma- 
joring in aeronautical engineering at 
California Polytechnic Institute, Ru- 
tan decided to design a plane that 
wouldnt stall. He'd already pored over 
every detail of the Wright Flyer and 
other canard airplanes. Now it was 
time to prove that he could do better. 

"I saw that by loading the canard 
heavier than the wing, I could make 
the airplane limit itself to a safe an- 
gle of attack," Rutan explains. He de- 
signed and built a model, but getting 
it tested took something more. Cal 
Poly's wind tunnel had been unused 
for years; its components were in piec- 
es. Student Rutan got permission to 
rebuild the tunnel and get it work- 
ing. Then he cranked it up with his 
embryonic model in the airstream and 
ran his tests. 


"That original model proved my the- 
ory, Rutan says with a grin. "People 


say that the forward wing, or canard, | 


stalls first and drops the nose of the 
airplane at the stall. But that's not 
what happens. 

“What achieves the natural stall- 
limiting, however, is that the elevator 
is also on the canard," Rutan contin- 
ues to explain. (Elevators on most air- 
craft are the horizontal tail flaps.) 
“The canard stalls first, but when you 
lose lift on the elevator surface, you 
also lose the ability to drive the air- 
plane to a higher angle of attack. So 
the airplane doesn't drop when you 


Burt Rutan jests beside the radi- 
cally styled Pond Racer he created 
for aircraft collector Bob Pond. The 
racing aircraft, awaiting its twin 
automotive engines and props, is 
expected to fly as fast as jet planes, 
or Mach 0.7. Rutan’s record-setting 
Catbird aircraft on the facing page 
was built for, and won, the CAFE 
400 fuel-economy race in Califor- 
nia. He plans to modify the aircraft 
with an extra fuel tank and break 
the long-distance endurance record 
for single-engine light planes. His 
business jet, left, is powered by 
new fuel-efficient turbofan engines. 
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reach stall speed, it just stays there.” 

That proof put Rutan on a lifelong 
course into aviation history. “I got real 
excited about having airplanes that 
would naturally limit stalls,” he says. 
The excitement has led to the pres- 
ent, with full-size Rutan aircraft prom- 
inently displayed in museums through- 
out the country, including the Smith- 
sonian Institutions National Air 
and Space Museum in Washington, 
D.C. 

Getting that far never proves to be 
as easy as it sounds. With his aero- 
nautical engineering degree in hand 
in 1965, Rutan hired on with the Air 
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Force. He found a home in the world 
of exotic high-performance airplanes, 
getting the chance to fly as a test en- 
gineer on vertical-takeoff STOL air- 
craft and fighters. "It was a job where 
I got to deal with contractors, so I saw 
how the big companies design air- 
planes," he says. "I enjoyed the hell 
out of it." 

But Rutan had an entrepreneurial 
urge he couldn't satisfy as an Air 
Force employee. In 1972 he received 
a call from Jim Bede and took a job 
at the Bede Test Center in Newton, 
Kan., helping the rebel designer work 
out bugs in the tiny prop-powered 
BD-5 [Aug. 73]. From that starting 
point, Bede handed Rutan the job of 
developing the BD-5J jet. This aircraft, 
featured in a James 
Bond movie, still ap- 
pears in international 
air shows. : 

The real Burt Rutan is 
a dreamer. He knows how 
things should work and gets frus- 
trated when somebody says something 
different. Two years later, convinced 
that the only way 
to build the planes 
that flew through his 
imaginative mind at work and 
through his dreams at night 
was to be on his own, he 
started the Rutan Aircraft 
Factory. He didnt want to 
produce airplanes. But he 
did want to design innova- 
tive planes, and one way to make mon- 
ey was to sell the plans and kits to 
garage-shop aviators who were willing 
to build their own. 

“Many of the airplanes I've devel- 
oped didn't have a customer. Just me," 
Rutan says. The Rutan factory became 
a thriving business, mostly handled 
by the founder and a handful of em- 
ployees. A Rutan kit was relatively 
easy to build, fun to fly, and fast. The 
VariEze will do 180 mph with a 100- 
horsepower engine. NASAs Langley 
Research Center bought a kit, built 
the plane, and tested it in its huge 
Virginia wind tunnel. The Langley re- 
port gave Rutan high marks for aero- 
dynamics and safety. 

"We've followed Rutan closely," says 
a high-ranking NASA executive. "He 
doesn't do a lot of wind tunnel work. 
That's why we wanted to document 
one of his planes. He says that he 
works out his problems in the big wind 
tunnel in the sky. And he can build 
them as well as design them. He's as 
innovative in structures as in aerody- 
namics, a very gifted man.” 

The time came in 1978 when Rutan 
almost decided to open a plant and 
build one of his designs, the Defiant, 
himself. “Defiant is one of the easy 
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airplanes to fly.” Rutan says. “And it’s 
the safest twin around. A pilot can 
lose an engine and not get into seri- 
ous trouble. Ild rather be in the Defi- 
ant than anything I know.” 

His reputation opened doors for in- 
vestment capital. But he also discov- 
ered the truth of Robert Heinlein's fa- 
vorite acronym, TANSTAAFL: There 
aint no such thing as a free lunch. “I 
backed away because I wasn't happy 
with giving away a big share of the 
company to the money guys," he says 
without remorse. "And I didn't like 
dealing with lawyers." 


Regions of lowest air pressure ap- 
pear at the red end of the spectrum 
on a computer-graphics printout of 
the Light Attack Turbofan Single 
(LATS) aircraft. Scaled Composites 
is developing the plane privately as 
a fighter and for combat support. 


That dislike stems, in part, from the 
dozen odd times he's been sued after 
someone was injured or killed in a 
Rutan home-built. He's never lost or 
settled, proving that his designs were 
good, and any problem lay with care- 
less fabrication, failure to follow di- 
rections, or simple pilot error. 


utting manufacturing ideas 
D: behind him, Rutan began 

experimenting with composites, 
carbon fibers, exotic plastics, and other 
advanced materials. They're lighter 
and stronger than metal, but getting 
them to behave during manufacture 
isn't easy. After a few years, Rutan de- 
veloped some techniques for laying up 
composites, getting the shapes to hold 
rigidly to design specifications, and 
curing them in jury-rigged low-heat 
ovens. His success attracted atten- 
tion in the aviation world, and in 1982 
he founded Scaled Composites. The 


home-built business continued under 
Rutan Aircraft Co., run by Mike and 
Sally Melville. 

Rutan, already recognized as an avi- 
ation leader, had moved into the big 
leagues. Now he had the chance to go 
as far as his genius would let him. 
Scaled's first assignment: design a new 
generation of business aircraft, called 
Starship, for Beech Aircraft Corp., and 
build a 62-percent-scale proof-of-con- 
cept flying prototype. Flight tests on 
the scale version could reduce risk and 
also save the company millions of dol- 
lars during the federal certification 


process. 
$7 design and initial testing 
for Starship. Beech bought Scaled 
Composites in June 1985. By 1987, 
Beech's president, Jim Walsh, broke 
with the company and became presi- 
dent of Wyman-Gordon Co., a major 
builder of aerospace products. 
y Beech’s new 
^ president opted 
for old-line thinking 
and decided against Ru- 
tans innovative business jet. Rutan 
and Walsh got together and eventually 
Wyman-Gordon bought the company 
from Beech. Rutan stayed as presi- 
dent, retaining the freedom to fly 
where his imagination took him. 

While building Starship, Rutan 
learned some valuable lessons. “I tried 
to be involved in the details of almost 
everything, except maybe the electri- 
cal stuff," he reveals. "I'm in there on 
the structural details, the interior de- 
sign, the aerodynamics, the flight con- 
trols, the landing gear. 

"On Starship, I got into every detail 
—down to screw sizes and spar caps. 
Today I insist on being involved with 
all conceptual work myself, but after 
that I’m scampering from project to 
project looking for things that I may 
be better at than the person working 
on it, asking him how did he do that, 
or let me help on this. My criteria for 
intruding in the details are if it in- 
volves something I’m interested in, 
like aerodynamics, or something I can 
do quicker, a lot quicker, than some- 
one else can. 

“I force myself not to manage every- 
thing, even when I can see that a 
guy, a young engineer, is going to 
screw it up," he continues. "It's bet- 
ter to let him make the mistake and 
learn from it. Creativity breeds mis- 
takes. The guy who's most creative is 
the guy who's making the most mis- 
takes. He's probably the guy who had 
the courage to try several new things. 
If you fire him, everybody else around 
him is certainly not going to take 
risks. 


caled Composites took on the aero- 


"Once you stop taking risks, you're 
doomed in the long run," Rutan told 
the group at Carnegie-Mellon. "My 
best projects are those that were 
not developed to a detailed customer 
specification." 

Ideas for those projects, Rutan said, 
have emerged in unusual surround- 
ings. "Fresh ideas rarely come out of 
what you consider a normal environ- 
ment—like a roomful of engineers 
looking at cathode ray tubes and run- 
ning software. Anything that takes 
hours to run on a Cray, God did not 
intend for us to get an answer," Rutan 
said. "Analysis and creativity are two 
totally separate things. We need ana- 
lytical tools, but don't put creative peo- 
ple there running that software." 

Rutan’s latest ideas came from spend- 
ing eight days in Kauai, Hawaii, with 
a composites manufacturing expert. 
"We found a deserted beach and 
brought sketch pads— no calculators. 
We sat and tried to envision how to 
build tomorrow's light plane with au- 
tomatic methods of manufacturing." 

As an employer, Rutan told the 
audience, he supervises “goal-orient- 
ed” work done by small teams. “In- 


volve as small a group as possi- p 


ble,” he advises. “And 
never pay someone 
more because he 
has more people 
working under him. Pay him more if 
he can get the job done himself. The 
average number of people we had work- 
ing while we were building [Starship] 
was eighteen, and that included the 
entire company. We built this very so- 
phisticated prototype in nine months, 
and we did one hundred hours of flight 
testing in only thirty-five days." 

To boost productivity, Rutan offers 
incentive money. Cash bonuses com- 
prise a small percentage of a pro- 
gram's cost, but can double efficiency, 
he claims. Rewards go only to those 
who work on the project, not to exec- 
utives of the company, he added. 

The same motivation could work on 
a national scale, Rutan argues. In his 
speech at the Carnegie-Mellon gath- 
ering, he put forth a $4,680 plan for 
designing the National Aerospace 
Plane. That's the price of a full-page 
advertisement in a leading aviation 
magazine, an ad that would offer a 
$4-billion prize to the first entity to 
successfully fly such a plane. If the 
battle over the Kremer prize for the 
first human-powered aircraft is any in- 
dication, the competitors would spend 
sums totaling many times the amount 
of the prize. 

"Coca-Cola could sponsor a National 
Aerospace Plane entry" Rutan sug- 
gested. "You'd be surprised what can 
happen with an aura of competition. 


Would we have landed man success- 
fully on the Moon in the sixties if we 
didnt think we were competing to do 
so?” 

When he’s not competing with any- 
one else, Rutan designs planes for 
himself. *Catbird is another plane I 
built for me," Rutan says. "It's one of 
a kind. Actually, it's a prototype to test 
some ideas in fuel efficiency, speed, 
and passenger comfort." 

The aircraft is a single-engine five- 
seater powered by a turbocharged Ly- 
coming 210-hp engine. Its wings look 
much like those on the Triumph jet, 
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Scaled Composites’ Mud Fighter engine 
will be mounted off the center line 
(above). A large Gatling gun will balance 
the opposite side, where gun gases 
won't disrupt the engine. 


flared wide at the fuselage in a mod- 
ified delta, then narrowing dramati- 
cally, like a butcher’s boning knife, 
over most of their length. There's the 
expected canard just ahead of the cock- 
pit and a T-tail. 

The pilot sits up front in the catbird 
seat—elevated over the passengers 
and within easy reach of everything, 
Rutan explains. The passengers have 
two-sided bench seating, with two of 
them facing forward and two facing 
aft. The plane has been flying since 
1988, sometimes as a chase plane for 
test flights, sometimes taking Rutan 
on business trips. Its performance is 
remarkable. The craft is designed for 
a maximum speed of 276 mph, and it 
has reached 274 mph in level flight. 
"At 24,000 feet, it'll cruise at 251 miles 
per hour and get twenty-three miles 
per gallon," Rutan says. "If you slow 
it down to 201, it'll get almost thirty- 
five miles per gallon." 


He continues to make little changes 
in its surfaces, constantly improving 
its performance. Eventually, he plans 
to pressurize Catbird's cabin to let it 
fly at altitude without the need for an 
oxygen mask. Rutan also wants to cap- 
ture the long-distance endurance rec- 
ord for a single-engine light plane. 
That record has been held for more 
than 20 years by the late Max Conrad, 
who flew a Piper Comanche 250 non- 
stop more than 7,000 miles from South 
Africa to El Paso, Texas. “One of these 
days we're going to take out the pas- 
senger seat, put in another gas tank, 
and fly it from Anchorage to Rio de 
Janeiro," Rutan says. "That's about 
8,000 miles." 

He probably wont fly the 215-day 
trip himself. “Ill let one of my test 
pilots handle that one," Rutan says. 


i ne of Catbird's biggest jobs last 
0: was flying chase for Tri- 
umph. Even at a glance, Triumph 
couldnt be anything but a Rutan 
plane. The sleek jet has a strong fam- 
ily resemblance to Catbird, with sim- 
ilar wings, a forward-swept T-tail, and 
the omnipresent canards. It's planned 


Wes UE à six to eight passengers 


and a crew of two to 
Mach 0.7. Its two jet 
engines sit merged 
into the windows 
and wings, housed in long, smooth 
pods. "It's the first plane to fly the new 
Williams International turbofan en- 
gine, the FJ-44," Rutan says. "Tri- 
umph flies at the same speed as the 
slowest business jet in production. But 
its fuel efficiency is almost twice as 
good as any other business jet. This 
plane will get better fuel economy 
than a turboprop." 

After introducing Triumph to the 
business aviation world at a National 
Business Aircraft Association conven- 
tion last October, Rutan planned to 
complete its flight testing. “We want 
to make sure that it's certifiable, and 
then maybe we'll sell it to a manufac- 
turer who wants to build it. But we're 
not ready to take that step yet," he says. 

It's a big step from a business jet to 
a little racer that the pilot will wear 
like a tight-fitting suit of composite 
armor. But that's the challenge a Min- 
neapolis millionaire offered Rutan in 
1988. 

Bob Pond collects airplanes, mostly 
of World War II vintage. As president 
and CEO of Advance Machine Co., a 
manufacturer of industrial floor-main- 
tenance equipment founded by his 
grandfather, he can afford it. But in 
recent years, Pond has had a problem: 
Vintage planes are rapidly disappear- 
ing, mostly being bought for parts by 

[Continued on page 90] 
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Twenty years ago, maverick biochemist Bruce Ames warned against the 
health hazards of man-made chemicals in our foods and in the environ- 
ment. Now he says most of the effort to control those cancer-causing sub- 
stances is a waste of time and money, and that such "natural" foods as or- 
anges and peanut butter are just as—or more—dangerous. What's up, doc? 


ruce Ames is eating an or- 
ange, methodically chew- 
ing the slices in the hope it 
will help fight his cold. He 
looks at it and says reflec- 
tively, “D-limonene. That's 
the main ingredient in citrus oil; it 
gets into all the orange juice. It's a 
carcinogen.” He eats another slice. 
*People don't want to come to grips 
with a world that is full of carcino- 
gens. l'm going to rub their noses in 
it,” 

The scene is Ames’s home in Berke- 
ley, a few blocks from the University 
of California campus where he is chair- 
man of the biochemistry department. 
It’s as placid a California as anyone 
could want on a sunny spring day. 

But from Bruce Ames’s point of view, 
it’s a scene of unremitting chemical 
warfare, no less violent because it’s 
nature’s own. From the orange in his 
hand to the plants in his garden to 
the produce in the health store a few 
blocks away, Ames sees a plethora of 
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By EDWARD EDELSON 


cancer-causing chemicals so danger- 
ous that almost anything humans 
add to the witches’ brew is trivial by 
comparison. 

Ames has been preaching this gos- 
pel for several years in scientific jour- 
nals and public forums, arguing from 
chemical principles that most of the 
billions being spent to control indus- 
trial pollution and keep pesticides out 
of the diet are wasted as far as can- 
cer prevention is concerned. Ames 
makes a few exceptions, notably ciga- 
rette smoking and some kinds of oc- 
cupational exposure. But otherwise he 
thinks pollution prevention money is 
being misspent because regulators and 
environmental zealots are ignoring 
the realities of nature’s chemistry. And 
he thinks that the animal tests used 
to predict a chemical’s carcinogenic 
potential in humans are just about 
worthless. 

It’s a controversial position—all the 
more controversial because not much 
more than a decade ago Ames was 


preaching just the opposite in equally 
fervent terms. Renowned as the inven- 
tor of the Ames test, a quick and cheap 
way to identify industrial carcinogens, 
Ames began as a crusader against the 
dangers of food additives and other 
man-made chemicals. When I inter- 
viewed him on the Berkeley campus 
in the 1970s, a can of diet soda was 
tacked to the wall in his office to dis- 
play its long list of ingredients. Now 
the man who questioned such chemi- 
cals as cyclamates looks askance at 
oranges and celery. In scientific terms, 
his conversion is as radical as the ev- 
olution of a young Communist to a 
middle-aged reactionary. 


A load of nonsense? 


His critics say Ames now is talking 
‘just a load of nonsense, for a variety 
of reasons" in the words of Samuel 
Epstein, a University of Illinois re- 
searcher who delights in contrasting 
what Ames says now with what he said 
in the 1970s. “If you talk to most of 


JOHN B. CARNETT 


the really good people in carcinogene- 
sis, they're very wary of what he's 
saying," says Marvin Legator of the 
University of Texas at Galveston. “I 
don't think you'd find anyone who'd 
agree with him." 

But Robert M. Hollingworth, who 
heads the pesticide Research Center 
at Michigan State University, says, “To 
someone with an open mind, Bruce 
Ames's arguments have support." And 
Clark Heath, an epidemiologist at the 
American Cancer Society, says, “My 
general feeling is rather like his." 

Before he got involved with the chem- 
istry of cancer, Ames's career followed 
the conventional route of many a bright 
New Yorker: the Bronx High School of 
Science, Cornell University, California 
Institute of Technology, the National 
Institutes of Health, the University of 
California at Berkeley. “And then,” he 
says wryly, ^at some point I began read- 
ing too many labels on packets of po- 
tato chips." 

Like everyone else, Ames knew the 
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chemical industry was spewing out a 
vast variety of new compounds, most 
of which, because of time and money, 
had not been tested for carcinogenicity. 
To do such a test, you used laboratory 
animals— a hundred or so rats or mice, 
who were fed the maximum amount 
of a chemical that they could tolerate 
without getting very sick or dying. Af- 
ter a year or more of feeding, carcin- 
ogenicity was assessed by determining 
how many of the animals had devel- 
oped cancers. 

Aside from the hellish expense, ani- 
mal tests aren't always easy to evalu- 
ate. There's always a certain natural 
rate of tumor occurrence, and picking 
a cancer-causing signal out of the bio- 
logical noise isn't always easy. A re- 
cent case offers a vivid illustration. The 
big dither last year about Alar, a chem- 
ical growers sprayed on apples to re- 
tard ripening, occurred because the 
EPA's expert panel of scientists couldnt 
make sense out of the animal studies 
that indicate Alar was carcinogenic. 


Bruce Ames, chairman of the department of 
biochemistry at the University of California at 
Berkeley, stirs controversy with his views on the 
relative safety of man-made and natural chemicals. 


So the EPA delayed a decision. Alar 
now is effectively off the market. 

And cyclamates, the artificial sweet- 
eners banned two decades ago, might 
be back on the shelves soon because 
the FDA thinks the original animal 
tests didnt prove what they were sup- 
posed to. 

The better test Bruce Ames decided 
to invent is based on a belief that can- 
cer can be explained in straightforward 
chemical terms—the biochemistry of 
changes in DNA, the molecule that car- 
ries genetic information. 

Human DNA is a long string of a 
molecule that contains the code for 
50,000 to 100,000 genes, each of which 
governs production of an essential pro- 
tein. Ames's starting point was the log- 
ical supposition that cancer occurs 
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when one of those genes is changed by 
a chemical mutation, so that it starts 
turning out an abnormal protein. Put- 
ting it formally, a carcinogen would 
also be a mutagen. 


Mutated bacteria 


“In the lab we were mutating bacte- 
ria all the time, changing genes," Ames 
recalls. “So I thought maybe as a hobby 
I'd start using our bacterial system to 
detect mutagens." 

Ames used a bacterium that was de- 
liberately mutated so it needed an 
amino acid called histidine to survive. 
(Normal bacteria can make their own 
histidine; Ames's mutated version 
couldn't.) The Ames test is brilliantly 
simple in concept: Grow mutated bac- 
teria in a dish, feeding them just 
enough histidine for survival. Add a 
suspected chemical to the dish. If it's 
.amutagen, some of the bacteria that 

mutate will regain the ability to make 
histidine because the abnormal gene 
gets changed back to normal. Those 
bacteria will grow like crazy, creating 
large colonies on the dish. Just count 
the colonies, and you can measure 
whether the chemical is a mutagen, 
and hence a carcinogen. 

Ames started working on the test in 
the 1960s. It took him about a decade 
to develop it to the stage that a labo- 
ratory technician could do it in a mat- 
ter of days. The chemical industry 
grabbed at the Ames test, delighted 
that it could assess a chemical in a few 
days rather than spending a year and 
a million dollars. Ames didn't make 
any money from his invention because 
he didn't patent it —biochemists weren't 
as money-minded a few years ago as 
they are now— but he did pick up a 
shelf of awards and a major reputation. 
Ames and others published lots of 
scientific papers showing that a high 
percentage of industrial chemicals 
were mutagens, sign of a dangerous 
man-made world. 

Then came a disturbing discovery. 
Takashi Sugamura, head of Japan's 
National Cancer Institute, was watch- 
ing his wife cook fish on a charcoal 
broiler one day when he decided to 
test the compounds formed as the fish 
turned brown. The stuff he scraped off 
the surface of the fish was magnificent- 
ly mutagenic in the Ames test. Suga- 
mura put some scientists to work iso- 
lating more compounds from cooked 
fish. They were mutagenic too. 

"So that meant whenever you cook 
your food you make mutagens," says 
Ames. "In retrospect, that makes sense 
because you get a mixture of thousands 
and thousands of compounds when you 
cook food. Think of all the black mate- 
rial in a cup of coffee; it's full of muta- 
gens. Sugamura showed there are a 


couple of mutagens in coffee that are 
also carcinogens. Other people showed 
that the outside of your nice French 
bread, all that brown color, is full of 
mutagens. People testing plant prod- 
ucts were finding all kinds of muta- 
gens. So my thinking started to change 
a bit because we were getting a differ- 
ent picture of the world." 

"Change a bit," is an understated 
way of describing what became a rev- 
olution. After all, this was the Bruce 
Ames who had once proposed that 
there was no safety threshold for in- 
dustrial chemicals. 


T 


an eighty- 
billion-dollar 
pollution 
experiment 
with no 


controls?’ 


In 1971 Ames wrote a scientific pa- 
per saying “one molecule of a muta- 
gen is enough to cause a mutation.” 
In 1972 he tested tris, a chemical being 
used to make children's pajamas flame- 
resistant, found it to be mutagenic, 
and started a hulabaloo that had tris 
banned. Around the same time he ran 
some hair dyes through the Ames test. 
They flunked, and manufacturers refor- 
mulated their products to take out the 
guilty dyes. As late as 1977, Ames 
was writing that ethylene dibromide 
(EDB), used to fumigate fruit, should 
be banned because of its chemical re- 
semblance to tris. 

But in 1983, Ames published the 


first of what's turned into a long se- 
ries of scientific papers emphasizing 
the dangers of natural carcinogens and 
absolving industrial chemicals from 
blame for increased cancer rates. In- 
deed, he wrote in one journal, "there 
is no good evidence that there is any 
increase in cancer due to the modern 
industrial world." 

Behind this drastic turnabout is a 
beautifully interlocking theory that 
Ames says he was led to by the hard 
biochemical facts of the real world. 

First, there's a lot of nasty stuff in 
nature. "There's a war between plants 
and animals," says Ames. "Plant peo- 
ple knew that plants were full of tox- 
ins to kill off insects. A plant doesnt 
have teeth, it doesn't have claws, it cant 
run away, it doesnt have an immune 
system. So all plant evolution is chem- 
ical warfare. Plants are much better 
chemists than Dow or Monsanto. 
They've been at it a long time, so ev- 
ery plant has thirty or forty of these 
chemicals that tend to be present in 
parts per thousand or parts per 
million.” 

Second, the resulting DNA mutation 
rates in the animals that eat the plants 
are enormous. Why, then, aren't we all 
loaded with tumors? 

The answer, Ámes says, is that ani- 
mal cells have developed their own de- 
fenses. One is to repair DNA like mad. 
Another is to get rid of damaged cells 
as fast as possible. ^The whole lining 
of your digestive system is thrown away 
every day," says Ames. "The surface of 
your mouth, the surface of your esoph- 
agus, the surface of your stomach, co- 
lon, intestine. You have these stem cells 
down there, they're dividing, and the 
surface cells get sloughed off." 

How tough is Bruce Ames's world? 
Well, for starters, he sees no difference 
between getting a dose of radiation and 
breathing. “I’ve been thinking of oxy- 
gen as the critical thing because oxy- 
gen is the electron receptor that gen- 
erates energy. To generate energy in 
the cell you have to add four electrons 
to oxygen to make water. You're pull- 
ing electrons out of sugars, and you 
have to put them somewhere, so you 
put them in oxygen. 


Dangerous breathing 


"That's a tricky process. If you add 
electrons one at a time, you're in trou- 
ble because you make superoxide, hy- 
drogen peroxide, and hydroxyl radicals. 
They're all mutagens. They're danger- 
ous. Radiation is a mutagen because 
it splits water and produces these same 
things. So in fact, living is the same 
as getting radiated." 

That conclusion leads sequentially 
to Ames’s opinion about animal can- 
cer tests, which is low— again, he says, 
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because of the basic chemical princi- 
ples. One of his criticisms is that the 
MTD, maximum tolerated dose, is used 
in those tests. "The MTD has bothered 
toxicologists for years," he says. “All 
their training is that everything is a 
poison. Every chemical is toxic at some 
dose. À certain amount of aspirin will 
kill you, and a certain amount is all 
right." 

But his major criticism is that ani- 
mal tests are done almost exclusively 
for synthetic chemicals, not the natu- 
ral stuff found in nature. About half 
the synthetic chemicals tested in ani- 
mals have been found to be carcino- 
gens. Ámes's major effort of the 1980s 
has been to show that these results 
arent as alarming as they seem be- 
cause nature is just as malevolent. 

One thing he did was set up a com- 
puterized data base of animal cancer 
tests, with government financing. He 
and Lois Gold, one of his colleagues, 
have about 4,000 tests in the data base. 
They can use it not only to tell whether 
a chemical tested positive for carcinoge- 
nicity but also to measure its virulence. 


Calculating danger 


And from that value comes Ames’s 
“daily Human Exposure dose/Rodent 
Potency dose," abbreviated HERP. It's 
his way of computing chemical dan- 
gers. He takes the estimated daily dose 
of a chemical that will cause cancer in 
one-half of a group of test animals. He 
compares that with the estimated daily 
dose that humans get of a given chem- 
ical. The result is a percentage that 
gives the carcinogenic danger of the 
chemical. 

Some of the HERP numbers are star- 
tling. So is the way in which Ames 
uses them. For example, there's his 
reasoning about trichloroethylene, the 
solvent that's caused major alarms be- 
cause it's been found in wells in Cali- 
fornia's Silicon Valley and Woburn, 
Mass. Wells have been closed; suits 
have been filed. 

"Woburn—that water was safer 
than ordinary tap water," says Ames. 
“Most tap water in the United States 
is eighty-three parts per billion in chlo- 
roform, that comes from chlorination. 
Trichloroethylene is ten times weaker 
as a carcinogen. Trichloroethylene 
replaced flammable solvents. We can't 
go back to cleaning our clothes in 
flammable solvents. 

“What you pay for a modern techno- 
logical society is you get a little tri- 
chloroethylene in your water. You can 
get out that last part per billion at 
enormous cost, but it wouldn't be worth 
it.” 

Or, as he wrote in a scientific paper: 
“Water from the most polluted well... 
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has a HERP value orders of magnitude 
less than for carcinogens in an equal 
volume of cola, beer, or wine. Its HERP 
value is also much lower than...the 
average peanut butter sandwich.” 

Follow his reasoning on Alar. Ames 
calculates a lifetime HERP of 0.0017 
percent from Alar for anyone who 
drinks six ounces of apple juice every 
day. “This possible hazard is less than 
from the natural carcinogenic hydra- 
zines consumed in one daily mushroom 
[HERP=0.1 percent] or that from afla- 
toxin in a daily peanut butter sand- 
wich [HERP 0.08 percent ]," says Ames. 
In addition, apples that aren't treated 
with Alar are more susceptible to mold 
formation, he says. “Td rather take my 
chances with Alar than all the mold 
carcinogens." 


Natural poisons 


Ames has a few favorite stories about 
nature's natural poisons. One concerns 
the rash (literally) of complaints about 
dermatitis from supermarket workers 
who were handling a new variety of 
insect-resistant celery introduced to re- 
duce the use of pesticides. Tests showed 
the celery fought off insects because it 
had 9,000 parts per billion of psoralens, 
natural pesticides that are also carcin- 
ogens. In Ames’s book, that’s a net in- 
crease in human exposure to carcino- 
gens in the name of environmental 
purity. 

Ames can (and does) go on and on 
about carcinogens in pure food. Shrimp 
contain formaldehyde. Basil contains 
estragole. Apple juice contains 125 vol- 
atile compounds. Five of them have 
been tested, and three are carcinogens. 
The chemical that makes mustard pun- 
gent is a carcinogen. 

Abandon hope? No, there's plenty of 
reason for hope, if we choose the right 
targets, Ames says. Àn example is his 
approach to ethylene dibromide. He 
testified in California that its indus- 
trial use should be banned because 
workers were getting excess exposure. 
“The workers breathe in 20,000 liters 
of air a day but you only drink one li- 
ter of water a day," he explains. "If 
there's one part per million in the 
water and one part per million in the 
air, that's a 20,000-fold difference. EDB 
workers were allowed to get half the 
same dose that was giving half the 
mice and rats cancer. I testified it was 
outrageous, and California lowered the 
exposure limit a hundredfold after my 
testimony. 

“But the EPA outlawed EDB because 
of its residues in grain, and that was 
0.001 percent on our HERP scale. 1 
thought that was outrageous.” 

From there, Ames moves on to a 
sweeping attack against what he sees 


as misplaced priorities: "We're doing 
an eighty-billion-dollar experiment 
with no controls. Eighty billion is what 
we spend a year on pollution control. 
But the total amount of basic research 
in the United States is only 8.6 billion 
dollars. The eighty-billion-dollar exper- 
iment hurts our competitiveness, it's 
done inefficiently, it's mainly sold on a 
health basis, and I don’t think any of 
that is going to be right." 

Ames's numerous critics point out 
that much pollution control spending 
—on acid rain, for example— has noth- 
ing to do with cancer prevention. And 
they give him a vigorous argument on 
his cancer calculations. 

"Some recent studies indicate that 
our extrapolations made from animal 
tests are not conservative, but, if any- 
thing, are not stringent enough," says 
Marvin Legator of the University of 
Texas. "And if you take into account 
that most of our chemicals have not 
been evaluated, what's happened in the 
past five or six years when we've found 
a number of potent carcinogens is in- 
credible. Ames’s present position, it 
just doesn't make sense." 

But Clark Heath of the American 
Cancer Society buys a lot of the Ames 
argument. "If you compare animal as- 
say results on man-made chemicals, 
you can't help but feel that man-made 
things are on the minor side compared 
with things in the diet in terms of con- 
centration and amount," he says. "The 
concern that arises time and again 
about the hazards of man-made chem- 
icals does seem out of proportion to the 
actual hazards as judged by animal 
experiments." 

"A lot of toxicologists would agree 
in broad, general terms that we dis- 
proportionately spend our time looking 
at a small percentage of the chemicals 
in the food supply,” says Michigan State 
University's Robert Hollingworth. 


Next: aging 


And for someone who sees a carcin- 
ogen under every leaf, Ames is amaz- 
ingly hopeful about reducing cancer 
rates. We've got to concentrate on nat- 
ural things because the studies that 
compare cancer rates in different coun- 
tries indicate that simple changes in 
diet and living habits—consuming 
more fiber, for example—can have ma- 
jor effects, he says. 

When he gets cancer out of the way, 
Ames would like to tackle the biochem- 
istry of aging. A lot of what happens 
when cells grow old has to do with the 
kind of oxidants that cause cancer, he 
believes. 

"Before my neurons go out, Fd like 
to crack aging,” says Ames. And ate 
another slice of orange. "EH 
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Night and day 


solar 


This unusual German power plant can supply the energy needs of 
a family around the clock, its developers claim. A windproof panel 
of solar collectors tracks the sun, concentrating sunlight at a fixed 
focus. Special metal powders store heat and release hydrogen gas 
that provides energy for cooking, electricity, heating, and cooling. 
The system, still unpriced, should be available within a few years. 


LorracH, West GERMANY 
n a grassy acre clut- 
tered with strange 
metal frames, glit- 
tering mirror panels, 
and two low build- 
ings, Bomin Solar is 
constructing a remarkable solar-en- 
ergy plant at the edge of this sleepy 
town near Switzerland. The system 
yields a 24-hour solar energy harvest 
and is suitable for either home or com- 
munity use. l 
Bomin has built solar collectors 
based on a new super-tough plastic 
film, engineered solar-driven chemi- 
cal reactions that release: and reab- 
sorb hydrogen gas, and blended other 
innovations into an efficient energy 
source. “With thermochemical storage 
and a Stirling engine, it will provide 
a family with round-the-clock electric- 
ity, heat, refrigeration, and air condi- 
tioning," says Hans Jurgen Klein- 
wachter, Bomin's vice president and 
technical director. Using a 107-square- 
foot reflector, in one day the power 
plant produces 11 kilowatt-hours of 
electricity, 13 kilowatt-hours of heat 
for cooking, and 10 kilowatt-hours of 
energy for both water heating and 
cooling, according to Kleinwachter. 
"In contrast," he says, "the same size 
photovoltaic panel with silicon cells 
would produce only seven kilowatt- 
hours of electricity, and has an energy- 
conversion efficiency of around ten per- 
cent. We're already getting an overall 
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solar-to-electricity efficiency of twenty- 
nine percent. Kleinwachter optimis- 
tically predicts 36-percent efficiency 
with further improvements. “Our 
home-energy center could be on the 
market in three years," he says. 


Tracking the sun 


Bomin's unusual design avoids a 
problem that's inherent in the curved 
solar reflectors for conventional ther- 
mal power plants: These dishes con- 
centrate solar energy at a focal point 
that moves with the dish as it tracks 
the sun. And because heat-absorbing 
systems at the focus must be light- 
weight for mechanical reasons and 
small for a minimal shadow, system 
efficiency can be limited. 

The German collector avoids both 
these constraints with a unique arc- 
shaped reflector that concentrates sun- 
light at a fixed focal point isolated 
from the moving reflector. ^The mir- 
ror tracks the sun around the focal 
point," explains project engineer 
Michael Mitzel. "With this fixed focus, 
there's no limit to absorber bulk, 
which can be placed on the ground in 
front of the reflector.” 

Bomin's staff of 30 young engineers 
and technicians worked with Hoescht, 
a German chemical firm, to develop a 
special plastic film for the collector 
panels. This material, Miraflext, has 
a thin layer of reflective aluminum 
sandwiched between two transparent 
polymer skins. "The optical properties 


are better than that of glass mirrors, 
with a third the weight and a sixth 
the cost," Kleinwachter says. Fluorine 
in the polymer makes the film chem- 
ically inert and exceptionally durable. 
"Unlike other plastic films, it's not af- 
fected by ultraviolet light, so it doesn't 
fog or become brittle and crack with 
age," he adds. 

Inside Bomin's workshop I watch 
technicians stretch Miraflext over a 
nine-by-two-foot frame. Six of these 
mirrors form the 107-square-foot re- 
flector that concentrates four kilowatts 
of solar heat at a focal point. As the 
team positions a silvery sheet over a 
frame, Mitzel shows me a small tube 
on the back. "Here's where a vacuum 
pump sucks out air to make the mir- 
ror concave," he explains. "When the 
foil is drawn to the correct depth it 
contacts the tube and cuts off the suc- 
tion." When completed, these one-inch- 
thick mirrors are mounted upright on 
pivots. “Springs hold the mirrors in 
their normal position, but when the 
wind reaches twenty-five miles per 
hour, they swivel like louvers to spill 
it out,” Mitzel says. 


Powdered metal 


Scientists at Germany’s two Max 
Planck Institutes helped Bomin de- 
velop thermochemical metal hydrides 
—metal-hydrogen compounds—to 
store energy from the collectors. Dr. 
Alfred Ritter, visiting Bomin at the 
time, tells me: "We're using magne- 
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- —. grees F heating a metal-hydride powder 


Six trapezoid-shaped mirrors form Bomin Solar's 
107-square-foot solar collector (top). The hollow 
plastic-film mirror panels swivel in high winds to 
prevent damage. Curvature of the collector 
matches a section cut from the wall of a 
parabolic reflector This shape concentrates solar 
energy at a stationary focal point as the collec- 
tor tracks the sun (above drawing and photo). 
Temperatures at the focus may reach 932 de- 
The en- 
tire assembly rotates on its tilted axis to track the 
sun across the sky (left). Mirror panels can also be 
raised in the winter and lowered in the summer 
(far left). Heat sensors near the focus fine tune 
electric-motor tracking to within 0.1 degree. 
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sium hydride, which has an excep- 
tional energy storage density for a 
given volume, perhaps forty times that 
of lead-acid batteries" Bomin's power 
plant exploits the ease with which 
metal hydrides release and absorb hy- 
drogen gas (see diagrams). But sim- 
ple magnesium hydride reacts too 


| slowly with hydrogen. “We solve this 


problem by doping the magnesium 
with tin, which acts as a catalyst to 
speed up the process immensely," 


| Ritter says. 


Beside a working tabletop model of 


| the solar power plant, Ritter hands me 


a glass jar of the metal hydride. It 
looks and feels like brown talcum pow- 


| der and has no odor. How much hy- 


dride does a full-size plant need? 


| “Figure it like this,” he says. “One kil- 
| ogram of the stuff can store nearly one 
_ | kilowatt-hour of thermal energy. 


"In a sunny country you might get 


| five kilowatt-hours of solar energy 


from every square meter of reflector 
area. So for a ten-square-meter sys- 
tem you'd need fifty kilograms of hy- 
dride. That's only the weight of three 


| average car batteries," Ritter says. 


-— — | Moving hydrogen 
C A | 


Ritter describes the thermochemical 
storage arrangement as a two-contain- 
er system with a reversible and infinite- 
ly repeatable cycle. Solar heat is re- 
tained in the insulated magnesium hy- 
dride tank; heat pipes transfer it to 
cooking-stove hot plates and a Stirling- 
engine electrical generator. That's half 
the process. Hydrogen released by the 
heated hydride is also piped under 
pressure to a second container. This 
contains a "cool" hydride, mostly pow- 
dered titanium alloys, that absorbs the 
hydrogen and reaches about 120 de- 
grees F—adequate for hot water and 
space heating. 

At sunset, a valve on the second con- 


n = | tainer lets the pressurized hydrogen 


JANA BRENNING 


During the day, sunlight from a fixed-focus reflector is concentrated on the heat- 
absorption panel of a high-temperature metal hydride tank Ell (top). Heat stored in 
this metallic powder can be fed through heat pipes to a cooking stove Fl and Bomin's 
Stirling engine and electrical generator El. (Stirlings, which heat and cool a fixed 
volume of gas such as helium, develop high internal pressures ["Stirling-powered 
Sub," Jan. '88]. Bomin prevented gas leaks around the crankshaft—a long-standing 
weakness of Stirlings—by putting cobalt-samarium magnets on the crankshaft, 
sealed in a pressure vessel, and magnetically coupling the rotary motion to external 
magnets and the output pulley.) Hydrogen released from the hydride moves to a 
low-temperature hydride £3. Gas absorption by this hydride generates enough heat for 
domestic hot water and space heating El, delivered via a heat exchanger At night 
(above) pressurized hydrogen released from the low-temperature hydride returns to 
the first hydride B, where the thermochemical reaction produces heat for cooking and 
electricity. Cooling for refrigeration or air conditioning Ed occurs as hydrogen 
evaporates from the second hydride tank, changing from a solid to a gaseous state. 


flow slowly back into the magnesium 
hydride tank. There it's reabsorbed, 
generating heat for evening cooking 


t m and electric power. Meanwhile, hydro- 
— gen evaporation from the second en- 


closure absorbs heat, easily dropping 
the container temperature below freez- 
ing. Besides domestic uses, Klein- 
wachter says the system's freezing ca- 
pability is ideal for desalinating sea 
water. "It's a little known, though very 
effective, way of desalination, needing 
only one-tenth the energy of the usual 
boiling and condensation," he says. A 
107-square-foot reflector plant with a 
special generator could produce 11 
tons of salt-free ice a day, he claims. 
"That could chill food for a whole 
town, and provide the population with 
10,000 liters of fresh water when the 
ice melts," Kleinwachter says. - 
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Here's looking at you: Leon Podolsky, Matt 
Clark, and Curtis Carlson expect only recog- 
nition for their work. 


As you watch TV, this computerized recog- 
nition system watches you: It knows who you 
are. It's being developed as part of a Nielsen 
rating system to determine what we watch 
on TV. But it has other applications too. 


By WILLIAM J. HAWKINS 


r. Curtis R. Carlson is comfortably seated in 
front of a video monitor while colleague Matt 
Clark begins to type simple commands on a 
nearby computer keyboard. In a moment a 
still snapshot of Carlson’s face pops up on 
the monitor's screen, but the eyes, nose, and 
mouth are surrounded by colored squares. 
Clark presses a few more keys. "Gotcha," he 
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says, in a low voice. "The system now knows who you are." 

The system is part of an eight-year project that re- 
searchers at the David Sarnoff Research Center in Prince- 
ton, N.J., call smart sensing. “It’s a face-recognition sys- 
tem," says Carlson, briefly leaning back on his chair to 
look at me. "It recognizes people." 

Carlson, director of the information systems research 
laboratory, turns back to the video monitor once again. 
Now the image is live—moving as he moves. “Once the 
computer learns what you look like, it can recognize you 
later by looking at your facial characteristics," he says. I 
watch as the computer seems to lock on to his face, mo- 
mentarily freezing the picture and drawing a colored 
square around his head. The name "Curtis" flashes on 
the screen. 

The smart sensing system is being developed for Nielsen 
Media Research, the ratings company that helps networks 
determine what we watch on TV. Currently, 4,000 Nielsen 
participants—dedicated TV watchers—must press buttons 


BOB LANGE 


We": 


Squares superimposed over the video 
image indicate the areas of inter- 
est to the smart sensing system as 
it "learns" a face. The video moni- 
tor is used here only for research. It 
is not needed in the final system. 
In the Nielsen passive people me- 
ter, the room is first scanned for 
people, then each person's face is 
checked against characteristics stored 
in memory for identification. When 
a match is found, the system adds 
the TV channel and time to the 
data, and sends it via phone line to 
the Nielsen statistical computer. 


a computer your face is an inexhaust- 
ible source of varying data. Add to 
that a background of movable furni- 
ture, blowing curtains, and playing 
children that come and go in the room, 
and a simple picture matching scheme 
is, well, out of the picture. To make 
smart sensing work, Carlson and his 
colleagues had to limit the amount of 
information the computer “sees,” yet 
let it gather enough data for recogni- 
tion. How? They did it by studying 
—and borrowing—tricks performed by 
the human eye. 


A face in the crowd 


"We began our research with two 
groups of people," says Carlson. “One 
group worked on how a computer 
could do recognition tasks, and the 
other studied how the human visual 
system works.” Gathering picture in- 
formation via computer was the easy 
part. The image seen by a conven- 
tional CCD video camera is converted 
to digital data and stored. 

However, narrowing and interpret- 
ing a scene full of data to identify one 
or more specific individuals became 
the challenge, and it wasn't long be- 
fore the two research groups merged. 
“We began to appreciate just how re- 
ally clever and wondrous the human 
vision system is," says Carlson. “We 
kept borrowing tricks from it in the 
way we do the processing." 

Like our own vision system, smart 
sensing limits the amount of informa- 


to tally electronically the times and TV shows they watch. 
The system is fallible, argue some network executives, 
because children are lax at using it, and adults tire of it 
quickly—neglecting to “punch out" during a dash to the 
kitchen or bathroom. 

The smart sensing technology will make future Nielsen 
home installations passive—capable of automatically rec- 
ognizing family members and combining that information 
with the time and selected TV channel. And it will be 
more accurate: Bury your head in a magazine or newspaper 
—or just look away from the TV— and you're instantly 
discounted as a viewer for that length of time. 

In the past, image-recognition systems required massive 
—and expensive—computing power, which basically mem- 
orized every conceivable view of the subject. "They wouldn't 
work here," says Carlson. "Nielsen's passive people meter 
must be no bigger then a VCR to fit on top of the TV, 
relatively inexpensive, and capable of recognizing a face." 
Comb your hair differently, smile, grimace, or frown— to 


IEWERS 


tion by determining what's important 
in a scene. "We only see details in the 
center of what we look at," says 
Carlson. “Periphery images are blur- 
ry. Being attentive to only the cen- 
ter of the image drastically reduces 
the processing required by about 1,000 
to 1, according to Carlson. But the pe- 
riphery of the scene isn’t ignored 
entirely. 

Carlson holds one hand out to his 
side and begins to wave it at me. 
“You're looking at me, but you still see my hand,” he says. 
“If you want to, you can forget about me and pay more 
attention to my hand in your peripheral vision.” The abil- 
ity of the system to shift emphasis on what it sees lets it 
process only small pieces of an image in high resolution. 
That makes it fast and lowers the amount of memory 
needed to scrutinize a scene carefully. 

In the Nielsen people meter, it means the clever box 
can switch between a broad low-resolution stare to a high- 
resolution observation. “When you enter the room it will 
just track you as you walk,” says Carlson. “Once you sit 
down in front of the TV, it will determine if you are a 
person.” That eliminates pets like dogs and cats (and maybe 
some relatives). “Finally the system tries to recognize who 
you are.” 

The Nielsen box identifies you by matching the face it 
sees against the characteristics of the faces it has stored 
in memory. I learned that the squares I saw earlier super- 


[Continued on page 85] 
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lumes of steam loom against 


distant craggy hills as we, 


bump over a gravel road to- 

ward a massive concrete 

building. "That's the N esja- 

vellir geothermal plant," 
says Gisli Juliusson, a staff engineer 
at Iceland's National Power Co. "It's 
still under construction, and we could 
build many more. We're still using 
only eight percent of the country's en- 
ergy potential." 

Iceland, I found while driving 
through lava-flow moonscapes and 
mountain glaciers, is a vast storehouse 
of geothermal and hydro energy. Now 
this near-Arctic nation 1s reviving 
mid-1970s proposals to export its pol- 
lution-free renewable energy to Brit- 
ain through submarine electrical ca- 
bles. One British company I visited 
says it's ready to produce cables for 
such a 590-mile link. 

Not far from the geothermal plant, 
Juliusson opens the door of an igloo- 
like steel structure. I spot bulky 
plumbing inside as I recoil from the 
blast of heat. "This is one of eight bore 
holes on the site," Juliusson says. 
Steam from a 752-degree-F spring far 
below us passes through a heat ex- 
changer and heats cold water from a 
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nearby lake to 172 degrees F. The hot 
water is pumped 31 miles to Reykjavik 
for washing and cheap central heat- 
ing. At full output, the site will send 
Reykjavik 100 megawatts of hot water. 

These geothermal stations generate 
their own electricity from steam tur- 
bines and feed the excess into Ice- 
land's national grid. Geothermal-de- 
rived electricity, however, provides only 
tens of megawatts compared with some 
700 megawatts produced by falling 
water at Iceland's seven hydropower 
stations. 


sources of this clean natural en- 
ergy could equal the total oil 
reserves of Saudi Arabia. A Swiss 
aluminum company figured Iceland's 
electricity was cheap enough for it to 
build a processing plant there and to 
smelt bauxite from Australia. With a 
population of only 250,000 and with 
fishing its major industry, Iceland's en- 
ergy potential far exceeds the domestic 
demand. Hence the proposal for an 
ambitious cable link to Britain. 
Agnar Olsen, chief engineer for Ice- 
land's power company, outlined its sce- 
nario for the huge project. "There are 


T: country’s huge untapped 
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plans for five new hydro and geother- 


POWER LINES 


Iceland's vast geothermal and hydropower re- a 
Ne sources—non-polluting, ozone-friendly, and renew- " 
able—could be exported to Europe with undersea 
electrical cables. Other long-distance submarine ca- 
. bles, including a link between Nova Scotia and the 
United States, are being planned. 
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mal power stations, and we're ready 
to start building," he told me. "Wed 
have 500 megawatts available in the 
six years it might take to make and 
lay the first cable to the northern tip 
of Scotland," Olsen said. 

In this first stage, electricity 


would flow through a single cable. AR 
A current-return path would be »í 
established by an array of cop- | j 
per electrodes sunk into the if 


ground. “Stage two is laying [/ 
the second cable, and by then i 
doubling the power capacity Ny 
to 1,000 megawatts, and ex- 
ceeding Iceland’s current to- 
tal production,” said Olsen. 
“We could then land electric- 
ity in Scotland at a lower es- 
timated cost than from a 
new British nuclear-gen- 
erating plant now under 
construction.” | 
This longest-ever sub- 
marine power cable 
would require spe- 
cial manufactur- 
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CABLE-LAYING SUPPORT VESSEL 


~ BUOYANT UMBILICAL CONTROL CABLE | ing and laying techniques. “The Ice- 

| land project certainly is technically vi- 

| able," explains Ben Papé, corporate 

commercial manager at Pirelli's power- 

cable plant in Southampton, England. 

Pirelli built the plant to produce ca- 

bles that now exchange power between 

France and England beneath the Eng- 

|. lish Channel. “The facility can pro- 

duce 250 kilometers a year," says Papé, 

_ “so just one of the Iceland cables would 

take four years. But if the scheme ma- 

terializes we could double our capac- 
| ity to halve the time.” 

| During a plant tour, Papé points to 

i three 56-foot-diameter turntables 

"i where cables are coiled between pro- 

i duction stages. “A fifty-kilometer [31- 

i mile|length weighs 1,700 tons, which 

/j is far too heavy to move,” he says. “So 

j we uncoil each one and snake it on 

an overhead gantry directly onto a 

drum on the cable-laying ship moored 

at our nearby berth in Southampton.” 

Cables I saw being made would be 

similar to those built to link Britain 

and Iceland. First, a ?4o-inch stranded 

copper wire is wound with insulating 

paper. This 31-mile cable is coiled into 

a huge tank. A crane drops a lid on 

this vessel, sealing it like a giant pres- 


IFTING ROPE 


| y One technique for laying a long-distance submarine power cable 

y involves digging a seabed trench first (inset at top). The trench 
protects electrical cables from ship anchors and fishing trawls. As 
the trench is being cut by an unmanned machine linked to a 
support ship, a steel guide wire is installed along the trench. 
Another unmanned machine (below) then follows the guide wire, 
laying twin high-voltage direct-current cables from a support ship. 
This cable-laying technique, employed by the British for an English 
Channel link, used spools of standard 31-mile-long cables aboard 
the support ship. For the proposed 590-mile link from Iceland to 
Scotland through the Faeroe Islands (see map), numerous cable 
sections would have to be fused together and protective shields 
added aboard ship. A cable bench n from the Faeroe Islands could 
also route Iceland's energy to the European continent. Laying the 
cables in adjacent pairs reduces the magnetic fields produced as 

tects sensitive ship compasses from disruption in shallow water 
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sure cooker. After the paper dries, a 
compound of hot oil and resin is 
pumped into the tank. Five or six 
weeks of soaking enhance the paper's 
insulation and waterproof it. Then, 
over a 20-day period, a foundry ma- 
chine extrudes a seamless lead sheath 
over the insulation. That adds 410 
tons. Next comes a plastic sheath as 
an additional water barrier. Finally, 
wraps of cord and wire are applied. 


Iceland and Scotland? Papé 

thinks contractors can use cable- 
laying techniques like those for the 
English Channel link: The British 
prepared the seabed with a tracked 
trenching machine that cut five-foot- 
deep grooves and laid steel guidelines. 
A ship carrying two 31-mile cables on 
separate drums installed twin cable 
lines, using another unmanned ma- 
chine that followed the guide wire. 

“For the Iceland link," says Papé, 
"there's no ship that could carry 950 
kilometers of cable.” He believes stan- 
dard 31-mile lengths would be used, 
with the copper cores fused together 
and protective sheaths applied at sea. 
"It's a technique we've already devel- 
oped to repair damaged cables." 

Among other non-Icelandic long 
submarine cables currently being con- 
sidered: a 261-mile link from Nova 
Scotia to Boston, and a 143-mile run 
from Quebec to the Magdalen Islands 
in the Gulf of St. Lawrence. 

Papé thinks the Iceland cable proj- 
ect makes economic sense to meet 
Britain's energy needs in the next 
century. The British government has 
plans to sell the country's national- 
ized electricity industry to private en- 
terprise. “I think the coming priva- 
tization of the electricity industry 
makes the decision to go ahead with 
the cable more likely," he says. "After 
all, the Channel tunnel is being fi- 
nanced privately, and that's a far big- 
ger project." 


H: would the final product link 
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The interior of the four-inch-thick 
high-voltage submarine cable that 
carries 2,000 megawatts across the 
English Channel is ringed with pro- 
tective layers. A one-foot length 
weighs 23 pounds and costs $150. 
The same cable, 31 miles long, is 
unwound from a turntable at the 
Pirelli factory (above). At left an 
unmanned rock-trenching ma- 
chine used in cable-laying op- 
erations is loaded onto its 
support vessel. 
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n a basement laboratory at Brown 

University in Providence, R.I., 

physicist Donald Thornton places 

a 6-by-10-by-20-inch box on a ta- 

ble. One long side is clear plastic 

for viewing, and one end has a rec- 

tangular window. At the other end 

is a miniature desk and a cutout 
paper businessman. 

Outside the windowed end of the 
box is a black frame that supports two 
mirrors and a lens whose positions can 
be varied to guide a light beam and 
simulate the moving sun. Thornton 
flicks on a slide projector—the labo- 
ratory version of the sun. The light 
shines in the window of the box, cast- 
ing a bright beam on the wall and 
floor near the window. Next, Thornton 
slips a thick piece of glass over the 
window. Suddenly the light beam 
dims near the window while the area 
around the desk brightens. The desk 
top basks in a white light. 


The glass panel Thornton placed on 
the window is actually a sandwich 
—two panes of glass encasing a fra- 
gile film. The film is the part that 
plays tricks with light: It's a holo- 
graphic diffractive structure, or HDS. 
This is not the sort of hologram that 
creates an apparently three-dimen- 
sional image like those you see shim- 
mering on credit cards. It bends light, 
in this case redirecting it from a win- 
dow to a dark area somewhere else. 
It was developed by the Advanced En- 
vironmental Research Group (AERG) 
in Cambridge, Mass. Thornton is a 
principal in the company. 

The U.S. Department of Energy’s 
Solar Building Program sponsored the 
research. HDS film applied to windows 
could deliver daylight to the depths 
of homes and offices, so we could turn 
off a lot of lights and air condition- 
ers: About 40 to 50 percent of electri- 
cal use in an office building goes for 
electric lighting and its associated 
cooling load, studies show. 

Academic heavyweights at Brown, 
Harvard, and the Massachusetts In- 
stitute of Technology get much of the 
credit for the research and develop- 
ment of this hypertech window film, 
but the project's genesis dates from an 
afternoon when Elisabeth King, a 
farmer and solar architect from Wool- 
wich, Maine, had tea with Sally Web- 
er, a holographic artist in Boston. 

King studied architecture at MIT 
when the first generation of solar de- 
signers—including Maria Telkes and 
Eleanor Raymond— was teaching 
there. Then she "dropped out for thirty 
years, she says. She and her husband 
settled on a farm in Maine where they 
brought up eight children. King also 
maintained an architectural practice, 
specializing in solar homes. “But when 
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No, they don't make 3-D images dance in the living 


room. These are diffraction holograms: They bend 
light, sending rays where they normally wouldnt 
go. Researchers hope that holographic window film 
will reduce the need for artificial lighting and the 
additional air conditioning it entails. 


By SABRA MORTON 


oil prices crashed, the bottom fell out 
of the solar-house market," she relates. 


M bout that time, the DOE funded 
a study to identify the most cost- 
effective building-energy strate- 
gies. King heard that the agency was 
soliciting grant proposals for day- 
lighting research, and returned to 
Cambridge to seek guidance in de- 
signing a proposal. 

"I was thinking of fiber optics for 
daylight distribution," King reports. 
But Dr. Harvey Bryan, who was teach- 
ing a solar course at MIT, wasnt en- 


couraging. “Harvey advised me that 
the efficient fiber-optic materials are 
expensive, and the affordable ones 
aren't efficient. He suggested I talk to 
Sally Weber, who was using holograms 
to incorporate sunlight into her art. I 
invited her over for tea, and we de- 
cided we probably had a project." 
King and Weber brought in other 
researchers with first-rate credentials: 
Dr. Hendrik J. Gerritsen, a Brown pro- 
fessor and expert in optics (who coin- 
vented the process for making em- 
bossed holograms on credit cards); 
Thornton, a holographer and physicist; 


and Richard Ian-Frese, a computer la- 
ser specialist then in Brookline, Mass., 
but now in Davis, Calif. The team 
formed AERG and pitched the DOE a 
proposal for an economic feasibility 
study of a holographic diffractive struc- 
ture. They got their grant. 

The diffraction of light waves—the 
manner in which they bend when they 
pass an obstruction—is a well-known 
phenomenon. We don't ordinarily ob- 
serve it because light is bent only a 
little into the object's shadow. But if 
the obstructions are numerous, and 
small compared with the wavelength, 
the effect can be appreciable. 

Light waves resemble ripples on 
water: When one encounters another, 
interference patterns are created. 
Where a wave trough or crest from one 
beam meets its counterpart from an- 
other, the light is amplified. But where 
a crest meets a trough, the two can- 
cel each other (see the caption and 
illustrations). 

It is such an interference pattern, 
refined by the coherence—the single 
wavelength—of laser light that is fro- 
zen on photosensitive material to cre- 


ate a hologram. 
With normal ho- 
lograms, a laser 
is aimed at the 
object to be im- 
aged, and mirrors 
are used to split 
off part of the 
beam. Light re- 
flected from the 
object and from 
the mirrors travels 
to a photographic 
plate. As the two parts of the laser 
beam reach the plate, they create in- 
terference fringes on it, and the plate 
records not only the brightness of the 
light reflected from the image, but also 
its phase. And it's the phase that cre- 
ates the apparently three-dimensional 
image when the hologram is viewed. 
A holographic diffractive structure 
is recorded similarly, but there is no 
object involved. A split laser beam is 
aimed at the photosensitive plastic, as 
illustrated on the following page. 
The plastic is a photoresist. "When 
you bombard it with laser light, where 
the two waves reinforce each other, it 


At Brown University, a model office is used 
to measure the effectiveness of holographic 
glazing samples. With plain glass on the 
window (above) a strong light beam il- 
luminates the area near the window, leaving 
the desk and the area near the back in 
shadow. When the special holographic film 
(called a holographic diffractive structure) 
is put over the window (left) the light 
literally moves: Some that had fallen near 
the window now is bent and sent toward 
the ceiling, which redirects it onto the desk 
top. HDS glazing would be used only on 
the portion of windows above eye level; 
otherwise, sunlight would be beamed into 
people's eyes. 

In the photo below, graduate student 
David Pitcher sets up the experiment. 


iOHN B. CARNETT 


destroys the molecular structure of the 
plastic," says King. "Later you wash 
it with the appropriate chemicals, and 
the destroyed structure washes away, 
leaving a hollow. The shapes of the 
peaks and hollows control the man- 
ner in which the light bends." 

The etched pattern is so minute that 
it takes an electron microscope to see 
it. "The researchers figure out just 
where they want each wavelength of 
light to go, and use a computer to de- 
sign the interference pattern that will 
accomplish that," says King. 

Now many HDS samples have been 
made and a few models for testing 
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Apt applications for holographic glazing: In greenhouses, it could distribute sunlight throughout the 


space, thus reducing the amount of glazing needed. Light shafts topped with it could shoot light 
down into the innards of buildings. Skylights so glazed would direct and diffuse sunshine to light 


rooms more evenly. In deep rooms with windows at one end, holographic glazing would increase the 
light level at the far end and decrease it near windows, reducing glare. 


CREATING AN HDS 

Francesco Grimaldi, a 17th-century Italian, ob- 
served that when a beam of light is directed 
through a narrow slit, it spreads out on the other 
side. He gave the a name: diffraction. 

In 1802, Thomas Young, an English physician 
and physicist, set out to test his belief that light 
traveled as waves. Having read of Grimaldi’s 
observations, he knew that if he directed a light 
beam from a single source through two slits in a 
board, the light, now in two beams, would 
spread out on the other side of the slits. If light 
traveled in waves, he reasoned, their peaks and 
troughs would intersect. Where waves were in 
phase (crest meeting crest or trough meeting 
trough), they'd be amplified. Where they were 
out of phase, they would cancel each other. That 
should cast a pattern of light and dark lines on 
the screen, Young hypothesized. He ran the 
experiment (top right), and indeed that's what 
happened. The light and dark lines came to be 
called an interference pattern (or fringe). 

It is an interference pattern that is used to 
etch a holographic diffractive structure. The 
beam from a violet argon laser is split into two 
beams, which are directed onto a photosensitive 
film at angles that approximate those expected 
when the sun shines through the glazing. These 
beams intersect at the surface of the film. 
Where the waves are in phase they etch the 
film; where they are out of phase, the film 
surface remains intact (as shown conceptually, 
center). The result, on processing, is a complex 
corrugated pattern (measured in microns). 


When the film is put on a window (bottom), it 


diffracts incoming sunlight according to the 
interference pattern exactly reproduced in the 
film. (Corrugations are greatly enlarged and 
simplified to illustrate the concept.) 
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DIFFRACTED LIGHT 


MITCHELL J. ALBALA 


them have been built. Researchers at 
Brown have theirs, and a larger one 
lives in the corner of Harvey Bryan's 
office in Harvard’s Gund Hall. 


mid the sleek offices and wink- 
ing Macintoshes, this model looks 
lain—just a wooden box scaled 
to simulate an office. Light meters 
are inside the box, and five of its in- 
terior faces are painted to represent 
typical surface reflectivities. Like the 
model at Brown, one end wall has a 
window so that sample HDS films can 
be inserted. 

The Harvard model is made to be 
mounted on a tilt-table and set out- 
doors. Thus it provides real-sky HDS 
testing over the range of the sun's al- 
titude and azimuth angles. The HDS 
sample is almost totally transparent; 
looking toward the sun, you catch a 
glimmer of rainbow colors, a hint of 
the microscopic light-bending grooves. 

This HDS was designed to perform 
best at high sun altitudes. When 
the model window faces solar 
south and the sun is 70 de- 
grees above the horizon—about 
where it is at noon in Cam- 
bridge in mid-June—the HDS 
delivers more than twice as 
much light to the far end of 
the room as does the clear 
window. Over the range of sun 
angles, light levels on the tops 
of little model desks inside 
measure 30-to 230-percent 
improvement. 

The overall efficiency of the 
system is relatively unimport- 
ant, King explains, because a 
sunny window receives 6,000 to 
9,000 foot-candles: All that’s 
needed for task lighting is about 50 
foot-candles. More significant is the 
efficiency with which it delivers light 
from a wide range of input angles. The 
researchers are concentrating on hol- 
ographic film for windows that face 
true south or up to 30 degrees on ei- 
ther side of south. The HDS film has 
no effect on diffuse daylight. 

How do you catch the rays of the 
low winter sun with the hologram 
you've designed for high-sun times? 
How do you extend the range of ac- 
ceptance angles from early in the day 
to late? With tradeoffs. Generally, the 
deeper the plastic is embossed, the bet- 
ter it diffracts, but the more limited 
its range of acceptance angles. With 
a lighter embossing, the HDS diffracts 
less efficiently, but has a wider accep- 
tance angle. 

Another problem the researchers 
are attacking derives from the diffrac- 
tion grating itself, which splits day- 
light into its several colors, casting 
rainbows all around. King is confident 
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of success. "The HDS can send each 
wavelength to a different place," she 
explains. “So we can instruct the red, 


| green, and blue wavelengths to layer 


themselves and remix to white light." 

Hendrik Gerritsen reports that re- 
cent prototypes have created "some 
rather nice areas of close-to-white 
light, with just a little color around 
the edges." Putting white light onto 
task surfaces is imperative, but nearly 
everyone agrees that a bit of rainbow 


| here and there wouldnt be distracting, 


nor would the shifting light. ^We don't 
mind being in touch with the sun,” 
says Thornton. 

"Technologies that can double day- 
lighting in the back of a room [such 
as sun-tracking mirrors] have proven 
to be extremely expensive," Bryan 
points out. “The HDS technology, in 
contrast, is a passive device that is 
potentially inexpensive to mass- 
produce." 

To achieve that though, the team 
must translate its fragile photoresist 
material to something sturdier. And 
it will have to be stamped from a mas- 
ter, not created with lasers. "It's a 
technological quantum leap," grum- 
bles project director lan-Frese. “Not 
so,’ King disagrees cheerfully. They're 
aiming for a commercial product that 
would sell for $3 to $5 a square foot. 

When will we be able to buy holo- 
graphic glazing? “If you want to play 
with color, to liven up atriums and lob- 
bies, that’s just around the corner,” 
says lan-Frese. White light custom- 
delivered will take longer. 

Steve Selkowitz of the Windows and 
Daylighting Group at Lawrence Berke- 
ley Laboratory, perhaps the country’s 
leading expert on daylighting research, 
is optimistic but cautious. “I’m excited 
about the potential," he affirms. With 


| most inventions, "it takes five to ten 


years to complete laboratory devel- 
opment, do all the production engi- 
neering, and get some of the bigger 
manufacturers to include the technol- 
ogy in their product lines." 

At the DOE, David Pellish, director 
of the Solar Buildings Program, gets 
the final reports. He's eager to see this 
project go. He remembers "sweating 
through New York City's blackouts, 
when the utilities were crying for 
some way to diminish their peak loads 
so they wouldn't have to build new ca- 
pacity. I dont think this technology is 
a panacea," he says, "but it will help." 

The next step for the AERG team is 
a real-world test, and June 1s the tar- 
get date. They've got designs on a cer- 
tain space at MIT. “It’s a shoe box of a 
room," says King, “with glass in one 
end. Everybody hates it. If we can do 
something with that awful space, we'll 
look golden.” 


.* .* 

TV views viewers 

[Continued from page 75] 

imposed over Carlson's nose, mouth, 
and eyes were the main facial areas 
the computer retains for comparisons. 
"It checks obvious things like the 
shape of your eyes," says Carlson, *but 
it also looks for more subtle charac- 
teristics like certain kinds of wrinkles 
on the side of your mouth." 


Recognition 
Of course, the match is seldom per- 
fect —wrinkles come and go, and the 


angle at which the system sees your | 


face can change drastically, depending 
on whether you're watching TV from 
the floor or the easy chair. For those 
situations, the system calculates what 
you should look like. “It uses the views 
it has stored to interpolate a view it 
doesnt know," says Carlson. "That's 
one of the keys to making this work." 

Can it be fooled? “Sure,” says 
Carlson. Then he smiles and takes off 
his glasses. "But so can you. I look 
quite different to you now." Major fa- 
cial changes, like removing eyeglasses, 
are easily remedied: "We just teach 
the system what you look like with 
them on and off," adds Carlson. Mi- 
nor changes, such as a slightly differ- 
ent hair style, will be acceptable to 
the system. “It’s tolerant of normal fa- 
cial changes,” says Carlson. “It should 
work as long as people aren't actively 
trying to deceive it.” 

Should work? While the demonstra- 
tion I saw was impressive, Carlson and 
his associates still have another three 
years of work ahead of them before 
the Nielsen passive people meter ac- 
tually hits a living room. The time 
will be spent shrinking components 
into a VCR-size box and determining 
what effects the variables of everyday 
living—from eating popcorn to chang- 
es in room lighting—will have on the 
system. (Carlson points out that those 
variables could prove to be more of a 
challenge to overcome than what they 
have accomplished so far.) 

But Carlson is already far beyond 
that, thinking of new applications. For 
instance, in the medical field, the te- 
dium of reading pap smears could be 
replaced by a smart sensor that doesnt 
tire and make mistakes. In industry, 
manufactured components could be ex- 
amined for quality, despite their posi- 
tion on the assembly line. In law en- 
forcement, the face of a suspect could 
be checked speedily against those on 
file. And in the home of the future, a 
smart sensor might recognize you at 
the front door to give you access. 

An electronic butler? Carlson turns 
back to the glowing video monitor, and 
the computer once again recognizes 
him. “Why not,” he says. "With smart 
sensing, it’s all how you look at it." Els 
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A rail-mounted gantry automates and speeds up aircraft 
de-icing. Bursts of hot de-icing spray—tailored to the air- 
craft type—are controlled by a computer. The technique 
reduces takeoff delays and the danger of ice reforming. 


By DAVID SCOTT 


n northern Sweden a snow-coated DC-9 airplane taxis 
near a runway, stopping before a U-shaped yellow 
structure that bridges the tarmac. "Scandinavia zero 
zero nine. Request de-icing," the captain radios to a 
control cabin atop the structure. 

When the rig's operator pushes a few buttons, two 
booms drop to within one yard of the plane's wings. Hot 
de-icing fluid envelops the aircraft as the de-icing gantry 
rolls over it like a giant carwash machine. Elapsed time: 
just 2v» minutes. The DC-9 is ready for takeoff. 

This Swedish-built de-icing rig, first installed at Kallax 
airport in Lulea, Sweden, paved the way for a similar air- 
port operation in Louisville, Ky., last December. Says 
Kallax's technical manager Peter Mattson: “First, it’s much 
faster than conventional manual de-icing. Tanker trucks 
with hand-spraying crews might take thirty minutes for 
a large aircraft" Delays caused by manual spraying can 
not only disrupt flight schedules, but may jeopardize take- 
offs if ice reforms. 

“Also, the mechanized spray booms are much closer to 
the aircraft than any handguns, so there’s a smaller tem- 
perature drop in the heated glycol fluid before it hits the 
ice,” says Mattson. More-accurate spraying and recovery 
of the fluid reduces waste too. 

Here’s how the Kallax system works: The tubular-frame 
gantry rests on powered trolleys that roll on tracks flanking 
the de-icing area. Two spray booms above the aircraft are 
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raised and lowered to the correct height by winches. Each 
boom has a string of electrically controlled nozzles. “When 
the operator checks in an approaching aircraft,” Mattson 
says, “he merely keys in its type code, and the computer 
does the rest. Profiles of every plane using the airport are 
stored in memory, and the one selected guides all move- 
ments of the traveling gantry, spray booms, and valves.” 

Aircraft almost disappear in a cloud of hot spray, first 
from jets curved around the nose and forward fuselage, 
then, as the gantry rolls along, from valves spraying the 
wings. The computer program cuts off wing valves as the 
rear fuselage passes beneath the booms and switches valves 
on again as the spray fans out over the tail. 

While the de-icing pattern is fixed for each type of air- 
craft, six program variations adjust the spray for weather 
conditions. A weather station atop the gantry feeds infor- 
mation on temperature, dew points, and wind conditions 
to the computer. Gantry speed and, hence, the amount of 
fluid applied may then change. 

Recycling the $8-per-gallon fluid is an important eco- 
nomic benefit. Plastic sheets under the gantry area col- 
lect the glycol mixture. The liquid is piped to an adjacent 
processing plant, filtered, distilled to the required concen- 
tration, and pumped to storage tanks. 

The Swedish maker has shown that the equipment can 
speed flight departures. Now it has set up a Louisville 
office, De-Icing Inc., to expand the system. 
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Wild wings [Continued from page 63] 


those who fly the high-power planes 
in unlimited-class air races. He de- 
cided that the best way to discourage 
that kind of aviation scrounging is to 
beat the racers at their own game. He 
asked Rutan to design and build a spe- 
cial airplane that would win every 
race. In effect, he'd force racers to 
abandon their P-51s and Corsairs. If 
they wanted to win, they'd have to make 
better airplanes for their contests, 
something like the Rutan Pond Racer. 

"Its probably the classiest-looking 
airplane we've ever done," Rutan says. 
"It's intended to break the world's 
speed record for propeller-driven pis- 
ton airplanes and to win the unlim- 
ited air races. It's a tiny airplane— 
single pilot, with two high-power au- 
tomotive racing engines built by 
Electramotive, Incorporated, in El 
Segundo, California." 

Those engines are perennial win- 
ners in the GTP racing car series and 
helped dictate the little plane's de- 
sign. They're long, turbocharged, and 
boosted to 100 inches of manifold 
pressure, and will be geared down to 
2,100 rpm for their props. 

By early summer, the racer was 
finished, painted white, and waiting 
for the engines, not due until last De- 
cember. The Racer is a tail-dragger 
with three pods connected by a front 
wing and a short aft stabilizer. The 
center pod, shaped like a flat-bottomed 
teardrop, is for the pilot. The outboard 
pods, strongly resembling fuselages for 
drones, hold the engines and the two 
main retractable landing gear. But at 
the rear point where a drone would 
mount a vertical stabilizer and eleva- 
tor assembly, these pods keep going, 
tapering so sharply that you can put 
your hands around their narrowest 
point. Then they sprout small stabi- 
lizers, canted out in an up-and-down 
lopsided “V” with more surface an- 
gling up than down. 


Teardrop canopy 


At the same point, there's a short 
connecting rear stabilizer that runs 
from one engine pod's narrowest point 
to the pilot's pod and out the other 
side to the second engine pod. The 
front wing is equally strange and dif- 
ferent, seeming to cut downward 
through the engine pod, though it 
stops on the outer edge and. starts 
again. It's slanted down just enough 
to create a little V-notch below the pi- 
lot's nose before it angles up and out 
the other side. The small cockpit has 
a teardrop canopy, with its curve so 
smoothly integrated into the upper fu- 
selage that the whole section, fuselage 
and canopy, combine to form a classic 
arch. 
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“The whole plane is designed for low 
drag,” Rutan says. “It should go Mach 
0.7, as fast as a business jet. The con- 
struction is all graphite, and it has a 
wet wing, entirely full of fuel from the 
leading edge to the ailerons and from 
the tip to the root.” That required spe- 
cial materials because the engines 
burn methanol, which eats into epoxy 
materials. 

Pond Racer may be only the second 
Rutan airplane that the master him- 
self hasn't flown. “Tve- flown everything 
but Voyager," Rutan says, "but I dont 
know about the Pond Racer. It's a 
high-performance, high-risk airplane. 
We'll do the test program, but I doubt 
if I'll fly it personally.” 

Then he thinks a moment. "Maybe 
it'll be easy to fly,” he adds. “You never 
know what faults you'll have on an 
airplane until it flies. But any tail- 
dragger that has to touch down at 110 
knots is not going to be a piece of cake 
for the Sunday flyer.” 


Low-priority fighter 


That leaves the Mud Fighter, or 
LATS, for Light Attack Turbofan Sin- 
gle. It's a low-priority project, mostly 
because it's being built without gov- 
ernment money or interference. So 
Rutan puts people on it when they 
dont have anything else to do. He 
figures its total program cost up to 
flight-testing the fighter at less than 
$2 million. 

The idea for a cheap fighter occurred 
to Rutan when an Army major and a 
civilian showed up in 1981 with 
$40,000. They asked him to design a 
fixed-wing anti-helicopter aircraft—a 
low-cost battlefield weapon. He pro- 
posed an inexpensive turboprop plane 
using off-the-shelf helicopter engines 
and converted gearboxes. At the same 
time, the Army built two Long-Ez’s 
to see if a small composite airplane 
operating at a low altitude could sur- 
vive an enemy’s defenses. 

“All the tests were encouraging," 
Rutan says. The Army went away 
promising to return with more money 
for a plane that could attack tanks as 
well as enemy helicopters. "Then they 
ran into the ‘Roles and Missions’ road- 
block. If it’s a rotary craft, it’s Army; 
if it’s fixed-wing, it’s Air Force.” 

Years passed. Finally in 1986 Rutan 
decided that he’d waited long enough 
while the Army and Air Force argued. 
“I decided, heck it’s not that expen- 
sive if we borrow an engine and a 
gun," Rutan remembers. “We had a 
full ejection seat left over from the 
Starship testing. So let’s go build it, 
and if it flies like we think it will, we 
can call up the Pentagon and say, ‘Hey, 
you guys want to evaluate this thing?’ " 


So Rutan made the calls and with 
no hassle got the hardware he needed. 
The airplane Rutan designed, now 
being completed by his team, will have 
twice the turn rate of an A-10 battle- 
field aircraft and a much smaller ra- 
dar cross section. “On a passing attack 
from a MiG, this plane can turn and 
have the MiG in its sights,” Rutan 
says. “The A-10 cant do that." 

Seen nose-on, the LATS is almost a 
biplane. Its upper wing in front of the 
cockpit, the canard, is short and stub- 
by. The big bottom wing, another in 
the family shape with the wings of 
Catbird and Triumph, juts much lower 
from the fuselage. There are two big 
concave grooves along each side of the 
fuselage, but only one is for an en- 
gine. The other is for the machine gun. 

“That gun puts out so much gas 
when it fires that the exhaust can 
make an A-10 flame out,” Rutan says. 
“Pilots dort like that.” On the LATS, 
the single jet engine’s inlet is mounted 
to the pilot’s left and is angled out- 
ward, then deflected through an ex- 
haust tube so that it effectively gives 
center-line thrust. The machine gun 
in the right-side pod fires along the 
groove so that bullets will pass below 
the pilot’s right elbow. Gun gases will 
be confined to that side of the aircraft, 
away from the intake of the angled 
engine. 

Twin booms extend back from the 
wings to a pair of vertical stabilizers 
or elevator in the rear. There are no 
horizontal stabilizers in the rear; they'd 
be blasted by jet exhaust or gun gases. 
The elevator, as in most Rutan air- 
craft, is on the canard. 


Fighter mission? 


“I don't think LATS will settle the 
Roles and Missions argument," Rutan 
says, "but having a real airplane is 
going to make addressing the issue 
easier than if I just did paper studies." 

That's typical of how Burt Rutan 
thinks: Build it and fly it first, talk 
about it and sell it later. The big mon- 
ey might be in setting up a produc- 
tion line, but that's not where the cre- 
ativity, or the fun, is. 

“If I'd gone into manufacturing the 
Defiant in 1978, would I have done the 
Starship and the Voyager? Probably 
not," Rutan says. "Would I have done 
America's Cup? No. Would we have 
our candy store? No way.” 

Instead, Burt Rutan is in the envi- 
able position of calling his own shots 
and letting his imagination lead the 
way. He even gets to fly his favorite 
airplane. 

"My favorite?" he repeats with a 
quizzical smile. "That's easy. My fa- 
vorite is the next one.” 


"ADVERTISEMENT" 


EXCITING NEW LAB TESTS CONFIRM SLICK 50'S BENEFITS! 


Save Gas, Save Engine with ‘POLY’ 


WHAT IS POLY? “Poly” is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1989 
Guinness Book of World Records (pg. 184) 
says: “The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
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Slick 50 every time you change your oil. By re- 
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Slick 50's credentials are impressive. 


"Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does." Consumers Digest, (March/April 1982, p.35) 

In 1989, the premiere engine and lubri- 
cant testing lab in the U.S. tested Slick 50. 
This EPA recognized lab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. Results showed that 
Slick 50, compared to a standard reference 
oil, reduces engine wear by more than 50%. 
Be cautious of those Poly treatments that 
cannot back up their claims with such solid 
evidence. 

In afuel usage test conducted by this same 
prestigious lab, results showed that Slick 50 
(compared to a standard reference oil at 150) 
reduced fuel consumption in the test engine 
by 7.0996 at an oil temperature of 225 and 
7.85% at 275 . Once warmed up, most cars 
operate within the range of 225 to 275. 

Especially interesting is the fact that fuel 
usage with just the reference oil increased 
(see graph) asthe oil got hotter than 225 . This 
is due to the well known fact that oil gets 
thinner at higher temperatures causing in- 
creased friction (and wear) in your engine. 
However with Slick 50, fuel usage actually 
decreased showing that Slick 50 produces 
it's greatest friction reducing benefits at 
higher temperatures which is exactly when 
your engine needs it the most. 

As with any lab test, these results may not 
translate exactly the same percentagewise 
for every engine under every type of driving 
condition in the "real world". However the 
conclusion for these test cases is clearly that 
Slick 50 does reduce engine wear and does 
increase gas mileage. 
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The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. 4:33.49). 

A test done at the San Diego State Uni- 
versity revealedthat, "Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university". TUV, a pres- 
tigious German testing laboratory, tested 
Slick 50 and found substantial increases in 
both gas mileage and horsepower. The Space 
Shuttle Columbia uses the chemical "Poly" 
inits gears and bearings because it is the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

The Cranfield Institute, known world- 
wide for it's work in tribology (the study of 
friction) concluded a five year study on Slick 
50 in 1989. Results showed that Slick 50 
does indeed coat metal surfaces, dramati- 
cally reducing friction and extending the 
life of the metal. 

Perhaps the most dramatic of all is a tor- 
ture test seen by thousands of viewers on 
NBC TV station KPRC. A Lincoln Town Car 
was treated with Slick 50. During the broad- 
cast, the oil was drained and the car was 
driven without the oil plug for about half an 
hour. The water temperature never rose and 
the engine sustained no apparent damage. 

How do you give an engine a "Poly" 
treatment? Very simply! Change oil and filter 
and substitute one quart of Slick 50 forthe last 
quart of oil. (Add two quarts for engines with 
oil capacities of seven quarts or more.) Slick 
50 is excellent for all gas and diesel engines 
(even turbocharged and rotary engines). 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 

What are the benefits of Slick 50? By re- 


ducing friction, Slick 50 does all of the follow- 
ing: Slick 50 increases gas mileage. Slick 50 
increases horsepower - small economy cars 
and large RV's really need this! Slick 50 makes 
for easier starting (important in cold weather.) 
Slick 50 reduces operating temperatures, 
thus increasing the lubrication of your oil and 
the life of your engine. Since lubricating lead is 
being removed from gas, and unleaded gas is 
poor in lubricating qualities, this extra lubri- 
cation of Slick 50 on valve stems and guides 
is a real bonus. 

Last, but not least, the drastic reduction 
in engine wear can delay costly overhauls. 
These can often cost well over $1,000. Slick 
50 eliminates the “lubricaticn starvation" that 
all cars experience when you first start them, 
before the oil has a chance to circulate. Up to 
9096 of engine wear can be caused by this 
starvation. You receive all these benefits for 
less than the cost of two tanks of gas ($39.95). 

Will Slick 50 harm my engine or affect 
my warranty? No! The carrier oil for Slick 50 
meets, or exceeds, every manufacturer's 
engine warranty requirements and carries an 
API service classification SG-CD. 

More Slick 50 products are available. 
A FREE catalog sent on request. 
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l DOUBLE GUARANTEE! | 
f Guaranteed lowest price and guaran- ¥ 
teed satisfaction. If at the time of pur- 
P chase you have seen Slick 50 adver- 
l) tised in a current magazine at a lower ff 


JJ note and proof of purchase for a full VY 
| refund of purchase price. This makes gf 


DEALERSHIPS AVAILABLE 
Free DURALT FC sent with each order. 
Free shipping with orders of 2 or more. 


Call toll free 1-800 227-5425. Or send to 


JS AUTOIECH 
me INNOVATIONS. & TECHNOLOGY 


FOR PERFORMANCE MOTORING 


407 Del Rio Road, Berthoud, CO 80513. 


L] | enclose $39.95 + $4 shipping for one qt. 
[]Send me. . ats. of Slick 50 @ $39.95 ea. 
FREE shipping (2 or more). 


[]Check []C.OD. [] VISA/MC/DISCOVER 
Card# __Exp. 
Name = 
Address 


[Gwe Street Address inr UPS Delivery] 
City 


State _ Zip. 


Teflon is a reg. trademark of Dupont. 
Slick 50 is a reg. trademark of Petrolon. 


ignore the muscle groups in your back, 
your chest, your shoulders and your 
arms. 


the major muscle groups in both your 
upper and lower body. 


works your hip flexors, gluteus muscles, 
thighs, hamstrings, knee extensors and | 


the fitness-building level. 


“Say, Smokey—' 


A clinic on cars by Smokey Yunick, America’s most famous mechanic 


Spin or static balancing? 


It’s time to buy a new set of tires, and 
Id like to know whether I should spin 
balance the tires off the car, on the 
car, or have the tires bubble balanced. 
Ron Bewsey, Chandler Heights, Ariz. 


method while the tires are on the car, 
where the complete rotating mass is 
balanced. Spin balancing tires off of 
the car is OK, but you could have a 
| bent wheel or distorted tire that can't 
| be balanced. 


Only NordicTrack gives 
you a total-body workout. 


= NordicTrack: World's Best Aerobic Exerciser 


Stair- 
climbers 4 


Treadmills, exercise bikes and stairclimbers don't 
give you half the workout NordicTrack does. 


If you're thinking about buying an in- ^ machine. 
home aerobic exerciser, consider this. Why settle for less than a total-body 
For the most part, most exercisers workout? 


Get on track with NordicTrack. 


Nordicfrack 


Meanwhile, NordicTrack exercises all 


NordicTrack's lower-body exerciser 


Call Toll Free1-800-328-5888 
In Canada 1-800-433-9582 


calves. Its upper-body exerciser works CJ Please send me a free brochure. | 
the extensor muscles of your back, your O Also a free video tape QVHS OBETA 
trunk, rotators, biceps, triceps, chest and — | Name | 
upper back. | Street mon Je ov | | 
By doing this NordicTrack quickly and | |. State — Zi 
comfortably elevates your heart rate to | nem ( ads Wf | 


And of course, it burns more calories 141C Jonathan Blvd. N., Chaska, MN 55318 


than any other type of aerobic exercise 280B0 
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Balancing is best done by the spin | 


Under pressure 


My General Motors 2.8-liter V6 en- 
gine develops about 45 psi of oil pres- 


| sure at 5,000 rpm with 10W-40 oil. 


Would mixing two quarts of 20W-50 
oil bring the pressure up to the re- 
quired 50 psi? 

Jon Romero, Riverdale, N.Y. 


A heavier grade of oil will increase oil 
pressure. You will have to treat the en- 
gine gently when it's cold and give it 
time to circulate oil before you drive 
off. A word of warning: Production oil 


| gauges can be as much as five psi off, 
| so maybe you don't have an oil pres- 
| sure problem after all. Hook up a di- 


rect reading oil pressure gauge and see 
what the actual pressure is. Remem- 


| ber the rule of thumb: 10 psi for every 


1,000 rpm, and you're OK. 

Loose shafts 

I have a 1980 Mercury Zephyr with a 
200-cubic-inch six-cylinder engine. I | 
recently replaced the carburetor, but 
I didn't like the fit of the shafts. There 
was 0.008-inch clearance in the choke 
shaft and 0.005 clearance in the throt- 
tle shaft. I’m concerned about suck- 


ing dust and air from this. 
John Miller, Champaign, Ill. 


The only time that might be a prob- 
lem is at idle, when the engine pro- 


duces a lot of vacuum. The throttle and 


choke need to be free. I don't think 
you've got a problem. 


Back to the future 


Do you know of anyone who has 
changed an engine with a computer- 
controlled fuel-injection system to op- 


| erate with a carburetor? I have a 1988 


F-150 pickup that I'd like to retrofit 
to run on a carburetor. 


Jack Lynn, Welcome, N.C. 


Forget about changing io a carbure- 
tor. It's illegal, and unless you do it 


| yourself, it will cost a fortune. 


No-wear brakes? 


When I take my 1970 Ford Bronco in 
for a brake job, they replace only the | 
front linings. The mechanic told me 
it's normal for the rear brake drums 
to wear slowly, but these don't appear 
to be wearing at all. Are my rear 
brakes working? 

Mel Aston, Santa Ana, Calif. 


Under normal conditions, 90 percent 
of a vehicle's stopping power comes 


from its front brakes and 10 percent 
from the rear brakes. But sometimes 
the rear brakes will seize and not work 


at all. As a simple test to see if you're | 
getting any braking from the rear | 


drums, Jack up the rear and spin the 
wheels while someone eases down on 
the brake pedal. If the rear wheels con- 


tinue to spin, tear down the rear brake | 
assembly and clean or replace parts as | 


necessary. You'll be surprised how 
| much better the brakes will work. 


Cavalier attitude 


| I own a 1983 Chevrolet Cavalier with 
a two-liter fuel-injection-equipped en- 
gine that bucks and misses with a 
| light throttle going downhill. 

David Reynolds, Arvada, Colo. 


Check for proper plumbing of the emis- 
| sion control system, such as misrouted 
or cracked vacuum hoses. Take a care- 
ful look at the exhaust gas recirculator: 
too much EGR can cause a lean air- 
to-fuel ratio and a misfire. Too much 
ignition advance can cause a jerky feel- 
ing on mild acceleration. Also, check 
the exhaust system for a plugged cata- 
| lytic converter. 


Oil from top 


| The local Dodge dealer told me that 
unless I used a Chrysler oil filter, the 
engine on my Caravan would start 
"dry," or without oil in the top of the 
motor. 
Stephen Thomas 
Amarillo, Texas 


If you use a name-brand oil filter that's 
specifically recommended for your ve- 
hicle, you should have all the protec- 
tion that the manufacturer says the en- 


gine needs. Using substitute parts may | 
be inviting trouble because current | 
vehicles’ lubrication systems are | 


complicated. 


Rough Voyager 


| I have a 1988 Plymouth Voyager mini- 
| van with only 8,200 miles on the 
odometer that runs rough. The deal- 
ership’s mechanic said the spark plugs 
were fouled, and he changed them un- 
der warranty. Is this normal? 

Steve Pfeifer, Fresno, Calif. 


An engine that burns oil and fouls the 


spark plugs in 8,200 miles has a seri- | 


ous problem that could end up costing 

| more than $1,000 in repair work. Pe- 

riodically check the plugs for fouling, 

and get after the dealership to fix the 
problem. 


Oil burners 


I have four Plymouth Volarés, which 
each use about a quart of oil every 
200 miles. There are no visible oil 
leaks, and there’s hardly any blue 
smoke in the exhaust. One engine has 
been rebuilt; the others have had new 
valve stem seals, positive crankcase 
ventilation, and exhaust gas recircu- 
lator valves installed, but nothing 


| seems to help. 


Paul Kok, Wappinger Falls, N.Y. 


If there are no leaks, the crankcase is 
properly vented, and no oil is leaking 
down the valve guides, then oil is prob- 
ably leaking past the piston rings. Even 
with frequent oil and filter changes, 
don't be surprised if you find that a 
piston ring has become stuck. 


Got a car problem? Send it to "Say, Smokey—,"’ POPULAR 
SCIENCE, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 


Breakthrough MOWER for Rural Land Owners! 


| property—EASILY! 


| The TROY-BILT TRAIL BLAZER® Sickle Bar 
| Mower is a rugged and versatile "OFF-LAWN" 
Mower! You'll easily clear away grass, weeds, 


even light brush...of any height, on any ter- 
rain. Finally, you can quickly improve and 


maintain your WHOLE property...and make it 


fully accessible, prosperous, sawana 
| and beautiful! : 


Use ALL Your Land! 


It's your most valuable possession! 
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Slash Fire Breaks 


gu E 
M 


e industry's Best 
Warranty! 


ee: 9 e Try it at home 


? e Powered Wheels 
P* do all the work...you 


you want to clear! 


B slices side-to-side through every 
Ee» kind of vegetation! 


Ne || AGA ct Send Today for 
|! Al | Ae à FREE Information 
al zm m mio ee || on making your land 
j |; IOF | « SAC pee - w | PROSPEROUS, with the 
à dU. Kia ü ge LL eR E be "j| amazing TRAIL BLAZER! 

Maintain Orchards! Open Tangled Areas! | | Mail this Coupon, or faster, 


CALL TOLL-FREE 
1-800-922-7500 
Dept. 2057! 


| TROY-BILT Manufacturing Co., Dept. A2057 


| 102nd St. & 9th Ave., Troy, NY 12180 
| [C YES! Please send me your FREE Catalog on how 
| the TRAIL BLAZER? Sickle Bar Mower can help make 
my entire property fruitful and prosperous! Plus...send 
| details on prices, models, and SPECIAL SAVINGS now 
| in effect! 317 
| Name 
à | City E 
C. 


POPULAR SCIENCE FEBRUARY 1990 | 93 


Get the Most out of 
Your Property!;- 


At LAST!..Get full-utility, full-value, HJ y 
full-enjoyment from every bit of your | — / 


simply GUIDE where } 


© 38" size "Scissor Action" Blade | 


- “HOW- TO" d 
Books! ' 


Discover hundreds of manu- 

als, industrial handbooks, paperbacks, 

reprints, and privately published papers on 

unusual technical subjects ranging from melting 

metal to building windmills, and from electroplating 

to blacksmithing. | 

You'll see instantly why this is the most remarkable 

mailorder bookstore ever! You don't know what you've 

| been missing! We probably have just the technical how-to 
information you've been seeking for years! 


Wide Variety! 
Electroplate! Melt cast iron! 
Learn calculus! Pour babbit 
bearings! Grind telescope 

mirrors! Make vacuum 

pumps! Grow crystals! Dis- 
cover books on hydraulics, 
steam engine design, wind 
power, magnets, restora- 
tion of lathes and milling 
machines and much more! 


Highest 
Quality! 
since | cannot possibly offer every book 

published, | offer only the best. You get high quality books, 


fair prices, fast service, and honest dealing. You can order 
with confidence. 


Build a Lathe! 
Build a precision lathe for less than $50 without power 
tools or other precision instruments! It's true! Build a pre- 
cision shaper, milling machine, drill press, rotary table and 
indexing head, a sheet metal brake, and more! Learn how 
to make a surface plate from scratch and usa it to rebuild 
used machine tools. Build a one lung engine! Design 
: steam engines and 
boilers! Build a welder! 
Make your own drill 
j| bits, laps, dies, ream- 
P ers, end mills and 
` much more. 


^ Li Al 


Buy your 


P" mAGDATRAC. 
i FACTORY- ASSEMBLED 
or in KIT form! 


Use it to landscape your home or 
build a road; Excavate a basement, 
pool: Garden; Haul logs, clear trees 
and brush...and Do It All Yourself. 
„Work for others for Extra CASH! 


e CATALOG of uses.... $1.00 
e TECHNICAL MANUAL of 
construction details.. $7.00 
e VIDEO (3ümin).. $18.00 


STRUCK-KIT 
Box 307 è Dept: P520 


L 


CEDARBURG, WI 53012 


| Incredible 


BEST BUY: 


BOOKS 
LM CH 


Melt Metal! 


Learn how you can turn an old pail and blower 
into a powerful furnace that can melt aluminum 
cans and scrap, pot metal, and brass. We built 
one for about $10! nicus grocery store charcoal! 
Pour custom 
castings! 

Build a fur- 

nace to melt 

cast iron! Dis- 

cover books on 

^J sand casting, 
-  patternmaking, 
cupola operation, 
casting of decora- 
tive items, and 
4 more! Make char- 
y | coal and coke! Cast 
1 brass, aluminum, 
j ‘il into machine parts, 
m "| art objects & more! 


FO Broomall, PA- i 


For 3'6" Diam. $ 
Spiral Stair Kit — g 
(hts. 76" to B1 y ^ 


bn 
"epp ista ida Lam E Er 


Much more! In pom for inmediate 
Shipping or Pick Up 


See technical school textbooks on machine tool operation, | | | : » 


diesel repair, and refrigeration. Learn how the ancients refined = ‘write tor i a oa r rec ^ 9: 
all types of metal from iron to gold! Learn secrets of old chemical Il or | 20 page shure: 
THE IRON SHOP Dept. PS20 (215) 544-7100 


processes! Work iron with a forge and anvil! Build a wood lathe! 
Box 547, 400 Reed Road, Broomall, PA 19008 


A band saw! A circular saw blade sharpener! A wood stove! 
HN Showroom/Warehouse Locations In: 


Make iquid air, moon- 
j | a / a = tm =" * op m F E 7 = 
shine! And much, much nona, CA (714) 598-5766 Sarasota, FL (813) 923-1479 
13 Chicago o, IL (708) 952-9010 


| 
more! uston. TX ( 743» FRO DAA ( 
33) 325-8466 


Write for a EEY stamford, CT (2 
CATALOG! 


Write for your copy of 
the lastest jam-packed 
edition of Lindsay's 
giant Technical Books 
catalog. Send $1.00 
(US & Canada — $3.00 
foreign airmail). You'll 
see in a minute why 
everyone is talking 
about this incredible 
source of hundreds of 
unusual hard-to-find 
books! Write today! 


iLINDSAY PUBLICATIONS, 


Í Box 12-ESD, Bradley IL 60915 


Send a catalog! I've enclosed $1.00 U.S. & 
i Canada. ($3.00 foreign airmail) 
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Term Paper Assistance 
Catalog of 19,278 research papers 
Order Catalog Today with Visa / MC or COD 


Toll Free 3 | 
jl Name A z i Hot Line 1 -800-351 -0222 
S | California & Canada: (213) 477-8226 
| Street. i Monday - Friday 10 am - 5 pm (Pacific time) 
City State Zip . Or send $2.00 with coupon below 


a 1 D BM 1 D M [D Our 306-page catalog Contains detailed descriptions of 19,278 
E — research papers. a virtual library of information at your 
fingertips. Footnote and bibliographic pages are free. Ordering 
iS easy as picking up your phone. Let this valuable 
educalional aid serve you throughout your college years. 


EXAMPLES OF CATALOG TOPICS. . . 
15759-WORK RELATED STRESS Ways to minimize 
dnd manage stress. emphasizing human relations 
and environmental approaches 9 footnotes. 7 
bibliographies, 6 pages 
15842 -GRÜOUNDWATER CONTAMINATION Origins 
types, economic. political, health aspects. Proposed 
solution based on cost/benetit analysis of social 
candal 1? footnotes. 8 bibliographies. 8 pages 


Research Assistance also provide custom research and thesis 
assistance. Uur staff of 75 professional writers. each writing 
in his field of expertise. can assist you with all your research 


needs 
QUALITY GUARANTEED! 
RESEARCH ASSISTANCE 


EE- EEEEEE, SIZES 5- 3 
Extra width for men who need it. 
| Excellent variety, styling 
| and quality. Send for 
FREE CATALOG. 

THE WIDEST 
WIDEST SHOES 
ANYWHERE! 


HITCHCOCK SHOES, INC. 
Dept. #46B, Hingham, MA 02043 
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TRUMARK = 11322 Idaho Avenue, Suite 206-ZP | 
THE ORIGINAL * 225 YD. RANGE! West Los Angeles, California 90025 
WRIST-BRACED SLINGSHOT | Please rush my calalog. Enclosed is $2.00 to cover postage. | 
POWERFUL & ACCURATE | Name | 
AT DEALERS OR ORDER DIRECT... _ POSTAGE PAID Address 
FOR") | TRUMARK FOLDING-SUNGSHOT, HANDLE STORES AMMO : 
$15.00 ~ a} 1 POWERBAND REPLACEMENT UNIT WITH LEATHER POUCH City State Zip | 
TOTAL ITEMS 1 BAG (70 ROUNDS) 1/2" TRACER BRAND WHITE MARBLES SE SENN Te ee | — 


HOCOD. | FOREIGN ORDERS ADD $5.00 FOR AIR MAIL] 
TRUMARK SLINGSHOTS: P.O. BOX 18383 E, BOULDER, CO 80308, USA 
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12 jumping Quarters 
PRS? 099 $3.35 
: ? Your Own Wild 
-— Tornado. 
= Uur Tomado Tube 
li | dod miy alis 
‘fit "ou ta deman- 
| strate the wild 
MIU ortex prénorm- 
enon Of a natural 
tornado. All you 
_ | need are two 1 
' hter or 16 o2. 
plastic soda bot- 
iles and ordinary 
lap water. in- 
&tructions and 
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| -«. scientific prin- 
-^ ciples included 
i | Pkg. of 2 tubes 
jj PB37,592 53,95 
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Booster Rocket 
Blasts 100 Feet 
Into The Air. 


Using air and wateras 
fuel, booster rocket | 
blasts off and at 
flights peak, cap- 
sule separates from 
rocket and manned 
recovery capsule 
abge on back to 
Earth. Virtually inde- 
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" spaco : 
Echo Sensation. 
We've added a 21st 
century twist to the 
= concept of yesteryear 
when children made 
their own phones with 


range of Supersonic 
sounds by striking the 
, spring. Rolling the 
Space hone an 
your jg will pro- 
duce a galactic 
! phony—or an endless 
array of new sounds tor 
creative musicians. 
572 $19.95 
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"Crush-A-Can" 
ens etely Flattens 
PM RAN, 


" vm T > 
Simple to use, just pull the 
lever, Helps promote a 
cleaner enviranment and 
condenses trash in your 
home. No mare bulky gar- 
bage bags. AU steel model 
measures 13Vex4Vax4 Vo" 


Easy to mount. Light tan. 


Dur rH 
Happy Bird 
Never 
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T Your Own Microscope Research Lab 
| With | Our 


| 
+ School grada, all metal body con- 
| struction (nat a tay) 
| « Precision fl coated glass optics 
* Complete w/accassories & carry casa 
Open the hidden world to buddi 
fists to explore the fascinating fields of 
health, science and medicine. An excel- 
lent precision instrument; handsome 
black lacquer finish, one-piece tri revolving turret achromatic 
| onecoa (5X, 10X and 30x), 10X eyepiece, 50X, 100X and 
magnifications, smooth rack and pinion focusing. 
revolving mirror. Set includes five blank sides, one prepared 
slide, an interesting assortment of specimens anda complete 
dissecting kitan and Sh to box. P834,496 $109.85 


Build A Working Replica OfThe =. -> 
Steam Engine Popular In The 1800's. LN 
Steam engines, the workhorse of the 
18th century. machinery, farm 
equipment, the Stanley Steamer and 
trains that crossed the country. The 
simplest was the single stroke piston 
engine—power occurring when the 
piston moved in one direction. Kit has 
everything needed to recreate a work- — | 
ing replica —trom crank shafts, a 
ion boiler parts, nuts, bolts, gaskets, y 
etc. including fully illus. instructians. 
PB72,202 $57.95 
fully assembled, PB35,820 $87.95 
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M| ——sem | Digital Thermometer Shows BOTH 


| Indoor AND Outdoor Temperature, 
| Memory For Day's High AND Low! 


[. ——] Now, you'll know at a glance, 
TUBE wi large, easy-to-read LED 
A readout numbers. bath the 

| outside and inside tempera- 


ZA cords and low readings. 
F? or C? selectable —40°F to 
+122°F. 7x3 92x34" Easy to 
mount. Uses 2 "AA" batteries 
(not incl.). Complete with 10* 
Reg. $39.95 PB38,038 SALE $32.95 


| probe sensor cord 
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T Moon-Blob, It Crawls Out Of Containers, 
And Looks Alive As It Creeps Uphill. 


Moon-Blob has unbelievable pr anaries 
and is fun to play with. it acis alive and 
^ looks like a living protoplasm as if defies 
; gravity by crawling up and out of its con- 
tainer, Its dehydrated plastic —just add 
water to activate it. Completely harmless, 

2 Packages, PB38,440 $6.50 


Powerful 300X Microscope Dutfit. 
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| This new antenna will bri 
| AM radio signals loud an clear. = 


P tion on all AM stations, Select-A- 
| Tenna tums your AM radio into a 
|! powerful receiver. Used in Alaska to 


Hang Up A Magical 
1 Rainbow Of Beautiful Colors 
a = On Your Walls And Ceiling. 
Compact prism poy produces a dramatic full 
f 


raintxyw on ls and ceiling, even in daylight. T KIDI- 
tacular, rainbow can be made larger or smaller depend- 
ing on the projection distance. Proj high intensity light is 


broken into the spectral pattern by built-in optical glass prism. 
Operates on 110V, measures A*x4*x3V:" Ideal for , store 
displays, exhibits, etc. PB38, 95 


Ultra-Sensitive Directional Sound amelie 
Picks Up Signals 200 Feet Away! -- 


Used for police surveillance and excellent 
for nature study, microphone and head. 
set amplified sounds up to 200 feet away. 
Overhear | 


e, 


Qunces) 50 the microphone ` “ 

can be mounted on your aci. Com. & 
pact, measures o xd pun by TM |, 
battery, included. 

DUC AM S maiman È 


plete with padded microphone, 
ampüfier and headphones. 


PBE38,042 $49.95 


Miniature Water Pump For Photo Darkrooms, 


Science Fairs, Water splays. 
A m 


3 pint par minute with a 12" 
1 Pan Row Ideal tor tempera- 
ture control and circulation 
of darkroom chemicals, table fountains, model waterfalls, water 
filtration and more. Can be used in either direction and is sell | 
priming. Operates on 2 flashlight batteries (not incl.), runs up 
to 4B hours before battery change is required. 4^ tube inci. 


e Blow Blockbuster Bubbles; 
ern The Science of Bubbleology. 
; J, Make giant bubbles, square bubbles, 

E 1 = centipede bubives, a space-sudship and 

È more. Learn bubble science such as 
e the physics of liquid skins, membranes, 


i pressures and jets. Tha Bernoulli and 
RES 


trumpet, mute (for mini-bubblas), nei 
soap concentrate (makes 16 az. of er 
mixing container, blow straw and 4 
page guide book. — PB33,856 $71 Fl 


on With Select-A-Tenna. 
NX. When In Boston. 
in those weak, distant, 


Venturi affects kit includes bubble 
© 


Listen To Station WO 


Youll now get excellent radio recep- 


response 200Hz to &0ÜHz, out- 


P850 3. 345 bs NS — -|> « 


HARD-TO-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America's Largest Mail-Order Market Place of Unusual Values in Telescopes. Binoculars, Magnifiers, Lasers, 
Microscopes, Science Kits, Lab Equipment, Military Surplus, Solar, Toys, Fiber "ai and Weather Instruments. 


Carnival 
ie louse Mirror. 

A full-size fun house mirror. ..onty better 
because you can adjust it to vary the 
| effect and distortion (tang legs and fat 
haad, bong body and mini-Iegs). Kit in- 
cludes a Away flexible mylar minor 
| with colorful raised borders and over 9 
a feet of adhesive-backed Velcro® brand 
3 fasteners for easy installation and < 
= adjustment. 


The Vanishing Leprechaun.. Will Anyone Ever | 
Solve This Mystery? — we sce i: mecum. 


LIC E] 


+A fascinating illusion. We found it at à math 
teachers seminar. A 3x7" card with 15 lepre- 
chauns. With à *slight-at-hand" one leprechaun 
will vanish. Your friends will be mystified. 


When ha comes back, where has he been? 0 
popular best-sellers! Package of 4. 


Polish Water-Worn Beach Agates, Amethysts 


And gir With Our Rock Polishing Kit. 
Enjoy à unique and fascinating hobby 
making exciting jewelry of beautifully 
polished gems amd stones 
from rough rocks found 
everywhere. Complete kit 


tumbler with a 115W heavy 
duty motor, three pound 
barrel, a large selection of 
assorted rocks, grit abra- 
PBB0,276 sives, polish. jewelry find- 

$74.95 ings and instruction manual. 


Molors is Bag For Hobbyists, Modelmakers.. 
T ; 


4 =" Dur inexpensive m 
| motors can make 


z wheels go ‘round, 
bere tum 

Have tuniby adding m ma- 
tion ta your science fair 4 
projects. demonstra- m 
tions and experiments Ciam 
with this special buy of ims 
| 20, 1" motors with 38" it 

e 


sid shafts and 2 wire 


s. 20,1" motors PB1304 $12.95 e d 
Funan ! You'll Hours 
These Color Magneti Magis Marhies 


s a mountain or odd geometric pat. 
terns with these fascinating, high impact 
plastic marbles. Each ma le has both a 
negative and positive pole. A challenge to 
your imagination. Fun for youngsters, (^ 
adults, too! 20 marbles per package. i 
of 20) $ 3.95 


PH38,622 $39.95 f 


Which one vanishes? Where did be go? | 
Of our most | 
1,473 $5.50 | 


includes powerful punin 8 
V 


" Ya 2" | Movies "RE 


GRAB 
Y ICE 
d CIEN 
E fA EUNT 


m UN 
E 


a 


Classic science demonstration toys have amazed and intr 
young minds for many generations. You'll have fun and 


IF Our saat (wis Science Fun Assortment 
scientific demonstrations with these favorites: 


idee drinking bird A $25.35 Value 
Sun- pead iyane aA dq 
| 9 L 
| * Amazing flying bird PRICE 2T 
| Compact 7 Inch Helium-Neon Laser 


Thermal stability is combined wii 
The smallest posse bute size Io 
enhanced laboratory usefulness 

: Features improved beam pointing stability fo 
precise long-term alignment; long-term ampitude stability 
reduced short-term amplitude variations for laser recording ant 
reading. and advanced hard-seal technsques and new develop 
ments in cathode tube technology assuring both increased oper 
ating fife and unlimited shelf life. 0.5 mw CORH class N product 
Designed for the rigors of lab environments. Hard seal plasm 
tube. PB34,801 Rag. $215 SALE $18! 


V> Now You Can Enjoy Seeing Your Old Home 


Slides On Television, 


ifs easy and inexpensive "1 convert your home movies an 
slides to videotape. Just place your movie camera or side | 
jector and focus the image anto the mini-screen of the int 
converter. Aim your viden camera into the lens. focus 
recording. rue Screen is 3x3" —— PERS, S28 9. 


| *700 Science Experiments For Eve 
An Exciting Book For Science Fair i. 


A brand new, up-to-date edition of the best 
Known science experiment book in the 
word. Compiled by science instructors 
under the auspices of UNESCO in Paris. 
251 pages. featuring optical projection. 
electricity, chemistry, astronomy, mag- 


structible, made of This Clever Gadget Will pull in stations from continental PB34,968 netism, geolo 
; | 1 | r gy. physiology and more. 
UN HUN. Tell You How High You Are — | U.S. Employs mutually inductive PB35,854 (Package n 100) $18.50 Describes experiments with eesy-to-follow 
| Whether youre driving cross county or oe al Fri ue ü "Moisture Magnet” Absorbs Moisture FATTO, aN. — 
iking in the mountains, this Altimeter lano de M CUN Odo 
Eur - tell you how high you are. Shows eleva- | Build And Helps Stop Mildew And Musty m. Close Inspection Is A Snap With The vz 
Fadineihg unten simply "-- mounted to dashboard with self sticking | A matiritroductioninto what's Ô 0 eliminates dampness and 25X Pocket NM i d 
gack te rds bead itoa | tape (nci) or as pre-driled screw holes, Aso has buit | r arcs dl rd ie Ò 50 Piace in costs drawers an ONLY $6.95 with purchase ofany — 
| birds bobbing moton.then | ese OIE | Casin model contains ner | SESE N Basements- Dry Guard aluh 058 Reg. $13.50 
i VL The bird takes over, continu- : ph moving parts. You mS num. canister conta 
x ously dipping into the water | Build Your Own Ideal HO Scale BE can actually watch the am! ture chemical beads | Carry this pocket microscope 
n2 A for a drink. | Nuclear Power | Wm Background (OSETE crankshaftrotate spark | that absorb water. When | with you—its only 5" long. 
$95 PB60,778 $3.95 Plant Model Structure. iwl" : plugs bai up, wes beads turn pik, ye, neon, vi p brushed nt me Preci- 
SPACE SEE EEE - Fy | : (open and close. rods and pis- | reuse. Chemically inert. non-corrosi H | sion ground lens $ ives , 
2 RAN. Kadiman, Ear Picks Up. FEM. li M es tons move Easy to build. | impart odor or taste. P36,681 $7.28, 3 or more $6.50 ea. | gisto bon free detail inspection. “Offer limit 
Fi a uu | 2 | i d requires model glue for as Fe | Dir cry re sh 
welded nd & vii: fe ae ay aringa na “a ji d semi, takes tib T "battant (hol m d) | Go Fishing With This Mighty Magnet. | EM. M gives sharp E ony T per 
r electronic toy that gives | Sisenna jl, " Complete with stand Pero, 448 $38. 95 | d= Lift up to 200 tbs. Fun to use around docks 
uman hearing, indoors beni le at x d | The Vortx]” More Than A Money ^, Banki; ramine Deval obvects that fall overooarg, | Build This Authentic Deadly German U-Boat 
and animals beoe Tey ^ Performs tricks and high maneu- và You'll be amazed at what you pull up. Wt. | It's Motorized To " dame 
heard. Just po: nt tne disc Based on Three Mile Island, this detailed 1/160 "N^ scale kit. | vers. eps coin onto the launching pad, J^ | 4| 2ibs., measures 4x334x314" Made witha | Run And Dive! . = 
i] the trigger Sounds are has 79 parts molded in colors. Includes containment building, | Spin the Vortx unit in a circular motion 4E = 5 k J Poly. Vinyl Chloride coating to resist cor- 
up from over 40 § feat in the | cooling tower and generator station on a 14 x 16" base. Stack | This creates an immense amount of speed WE oe | CU b) rosian and chi prng. Pan, 135 524. 95 
. is 434" high. For ages 12 and over. PB836,718.513.95 | causing the coin to spin around and ^ E) NETUS 
er M ENS. | Veg 2 You Ever Seen The Inside Of Your Eye: En? | sera a “tet et cai S Digital Thermometer Reads OR | i "$22.95 
NN phones. Black and silver. e pu Ever seen ine Inside Dur Eye? | storage area. “The continuous -F NP a a = zd . 
| Y iion av | ' i How Cold It Is Outside. AE en 
E à | | | (not inci.) 1837. B34 $8.5) 7, | Sugeest | Challenge "n "n " | | Thi s new high-tech marvel reads EE MEE bug e e model of re cie ipeni un 
- ^ , ursi i i d (ture in your home and outside, tog. Can | ern is motorized to run and Give. Assemanng tes fet wii 
Your Own Clack 0f Paper, [atien piera mare Made af iN pop M sj Ibe wall mounted — —justextend the 5 ft. wire | be ine basic lik hd eering bres of submarine operation 
corporating a parabolic mero: . "s -J be and buoyancy. Parts are molded in realistic battle colors, ont, 
ally Keeps Accurate Time. | | ! and lens light sale and BASY to strucbons imcluded. PBE37,832 $14.95 ie | Boe Ot one oY betiony hec | | que. and con mman hobby craft tools om required Powered » 
Creed err pe PEN urere | mc Regs Rom 20°" tr | SC ce (ut shed mo spp cesi 
and perseverance and you have a "E MS AN wars, sof foa ‘sand fae hb pasures 224" PB34005 $26.95 | 199 Piece Peg Board Hardware Bonanza. 
g clock which keeps accurate time El | | a. | Nam rS D EAE | 
IPRC MEC COINNLIOLIE UI c. 5 $— | Aid Spectacular Color To Your Home With A panei 
ment. You rewind and regulate at LE |e Fe RR |; Claw Inm Tha M= I - " : 
P89.68? $9.95 3. | Watch A Society Of Ants Dig Larne TH 5, Stars That Glow In The Dark Tum Your | |77 a Our equilateral prism mounted in a specially | ‘) Brand new indus 
S Radiometer...A Space Agi Age Sphere | Bridges And Move Mountains Before You gra Bedroom Ceiling Into The Night Sky. y, designed wooden base sinh bln and | 1 srl a a 
rd : i- ^ projects the ever-changing rainbow patterns T argware aia very 
A. WU ifs fascinating to watch the delicate vanes | ANts are the world's n reader int’ (f | CU LT aa EON ice chair oe i: 4 Pad PUn vou vns colane und floor, It's almost special : savings. Our bargain pack con- 
Es J within this 5" precision-made sphere spin ied rin "n ae ie acia i ti ae ^ dark an ceiling or wall. j | like being inside a multi-faceted diamond. tains 95 “J” hooks and 5 six-place “screw- 
m aA faster and faster illustrating the basic prin- Th "rds prot vine ot tha z) _ | upa child's room with the beauty of glowing stars and n ali Glass equilateral prism is 2" (50mm) long driver" racks. your workshop, 
L^ Cipe of solar heating. When light strikes the | | (10x15" of this piant ant farm, with astronomy. Easy to apply decals glow after exposure to . | with 1" (25mm) faces. Wooden mount is lab, school room or office at a fraction of 
uM anes it tinake hent 1 and the vane begin | | youllsee the ant soldiers guard- light. | Comes with star chart and instructions to recreate the 5 Aeri aE a aE PB38,400 $6.95 " the usual cost. PB36,835 $8.85 
i SEEEN vr | ing their load and the supp | Edmund Scientific Co., Dept. :0D2 
— D LL. | corps storing away food fort the f Featured on this page are only a few of the S «, Dept. 
Rocks. | whole colony. When you retum C912 Edscorp Bidg., Barrington, NJ 08007 


| the enclosed certificate you'll | many imaginative — that appear in our 


| 
them together and see NN receive by return mail (in about 2 weeks) Method of Pa E g 
|; flashes inside the rocks! Me yment =O VISA O Carte Blanche | 
krce of light is a miniature S E TTO EE Ee ee ee Complete bis Sr ane. O Check enclosed - Diners Club O Discover i 
ng cae mat LI ts nature's Piezo o, | Bild Your Own 2000° Solar Furnace With This | Ll American Express © MasterCard C Optima | 
is" Wii | Fresne teps And Harness Th ane Rt 80 PAGE 
0n's Third = Of Mation Demonstraied Ti cision dens asasala conker ; Exp. Date i 
he Swinging- ee mamma -— E |— for healing food, as akdin for CATALOG 
ni B CiN TEA rs ar pottery- and even to mall Card Number j ; 
al mn j - Nos | | IR ; fermes Bae e, " HT "So ines Send for our Bank Number (MasterCa — | 
"he opposi E TANK per inch, measures 10vsxT0tz a” thick Copy to ay. Te ene eee in NJ ee | 
RIS ists al " MEAN j bar Lina inted lens comes. with 16 page | , unii lues. Signatura : 
scm CUL LIS T rem rare ronde peee erea | | trot. ERE E peti | 
et hy uua nor a _ ü Wear a s $^ ti uM k iné ludad on how T huig the 3607 stand every hob gadpeleer student and educator : | 
i P833, 739 $21.95 | ae SE p. and iframe shown. PĀTŪ bad $24.50 F ` , bna FULL COLOR CATALOG TOTAL ENCLOSED | 
| | For Phi one Ord ers, Call No Risk Guarantee! if you are not completely satisfied with your purchase, return the merchandise | Name i | 
in its original gea: n and wa will c ully refund your money in full. We back our products! I 
1 609) 547-8880 ‘Our 45 day un conditional guarantee means you take no risk on any product you buy from us. | 
for friendly special treatment pe 
s ; | 
anteaters Cb n Ex Div Edmund Scientific Co. | | 
lanche or Optima. Cail anytime, 24 hours a day. City. State -ip —_________ 
Dept. 10D2, C912 Edscorp Bldg., Barrington, NJ 08007 
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Nolan Bushnell, inventor of the first video game, has another idea: a circuit board that 
produces a cable-ready television set on a Mac computer. 


BOSTON 
isitors are 
standing four 
and five deep to 
get a glimpse of 
what's in the small 
booth at a recent 
MacWorld Exposi- 
tion. I push politely 
through the crowd to see 
what's so interesting. The at- 
traction? They're watching 
television...but not on any 
TV set. The live 1mages are 
parked in the corner of a Mac- 
intosh II monitor. 

Called MicroTV, it's a com- 
plete 98-channel cable-ready 
tuner that handles both au- 
dio and video signals in a 
pop-up window on the Mac 
monitor. 

MicroTV's circuitry is 
mounted on a plug-in board 
that slips into one of the com- 
puter's CPU expansion slots. 
The circuit board accepts sig- 
nals from any video source 
—cable, VCR, camera, or vid- 
eodisc—for display on the 
screen. For audio reproduc- 
tion, the board has its own 
internal speaker, along with 
an output connector for a 
headset. 

The controlling software 
has a built-in timer that can 
start the program and select 
a channel at a specified time. 
A click of the mouse switches 
channels or controls the vol- 
ume just like the remote con- 


trol on a TV set. And all of it can be done while you’re 
using the computer for other jobs such as word processing 


or spread-sheet work. 


Who will use it? Can receptionists watch the soaps while 


By J. T. JOHNSON 


“Live” MicroTV Images ‘are displayed in o window. The: pictures cun be 
cut and pasted into documents. The mouse sets the volume and channel. 


MARC GELLER 


typing in a mailing list? Sure, 
but imagine: 

€ Journalists following late- 
breaking TV news while si- 
multaneously taking notes on 
their word processors, 

€ Computer neophytes watch- 
ing a training tape on how 
to use a new application pro- 
gram while running cheek- 
by-jowl with the application 
itself. 

® Security guards monitoring 
a camera and comparing faces 
with those stored in the com- 
puter’s data base of images. 
è Business people communi- 
cating via live teleconferenc- 
ing and being able to cut and 
paste a spread sheet—or any 
TV image—from the home 
office into the computer ap- 
plication while the conference 
is in progress. 

MicroTV was created by a 
small Silicon Valley start-up 
company, Aapps Corp. (756 N. 
Pastoria Ave., Sunnyvale, 
Calif. 94086). Its chairman 
is Nolan K. Bushnell, inven- 
tor of the first video game, 
Pong. 

While the picture is black 
and white only and just 1.75 
by 1.3 inches, that will 
change, according to Bush- 
nell. “We expect to have a 
color version available after 
the first of the year,” he says. 
“And you will also be able 
to scale the window size 
up or down.” The company 


also has plans to include FM radio. 
Prices: $395 for the Mac II’s standard version. A “profes- 


sional" model, which puts a 2.8-by-3.6-inch TV picture on 


the monitor, costs $595. 
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A selection of products and services for POPULAR SCIENCE 
readers available direct by mail. Enjoy the fun and con- 
venience of mail ardeng shopping. Please order directly — 
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from the advertiser. For advertising rates for this sec- 
tion, write Advertising Sales, POPULAR SCIENCE, 2 Park 
_ Avenue, New York, N.Y. 10016 or call (212) 779- 5000. 


TURBOSPORT 386 PORTABLE 
LAPTOP COMPUTER 


"NITH 

* 80386 32-bit processor, 12/6 MHz (switchable). 
» 40 MB (28ms) hard drive. 
* One 3.5" 1.4 MB floppy disk drive. 
* 2 MB RAM. * 100% IBM compatible. 
* "Page-White" fluorescent backlit LCD 

display, 10.5" viewing area. 
* MS-DOS 3.21 included. 
* Supports: MS OS/2 version 1.0, Xenix, 

and also Microsoft Windows/386 environments. 
Zero wait state. 
* Socket for 80387 numeric co-processor. 
* Internal modem. 
» Serial and parallel printer ports. 
* Resolution: 640 x 400 pixels. 
* 79-key full function detachable keyboard. 
* Real time clock and calendar. 
* "Fast" charge NiCad battery pack included. 
* AC adapter. * Weight: 14.7 Ibs. 
* Dim.: 13.25"W x 14.75"D x 4.75"H. 
* One Year Warranty! 
» Factory New & Perfect! 


Mfg. Sugg. Retail 
$8,499.00 


DAMARK PRICE: 


= $2999 


Item No. B-1740-128686 
Insured Ship/Hand.: $19.00 


MICRO-SIZE CORDLESS 
RADAR DETECTOR 


maxon 


FLOOR LAMP 


» Instant-on radar 
gun "pulse" signals 


included. 
* Sleek, black finish. 
* LJ.L. approved. 
* Contemporary design. 


* Micro-size...only 
4-1/2"W x 3-1/4" D x 11/16'H. : 
* InstaLok® dual conversion superheterodyne receiver. 

- SmarTrac® anti-falsing alarm circuit blocks false signals. 

* Different audio warnings for X and K band. 


Item No. B-1740-132761 
Insured Ship/Hand.: $5.00 


BI FOR FASTEST SERVICE 
CALL TOLL FREE 


B 1-800-729-9000 
B COCHECK™.O. []visA 
[7] MASTERCARD [7] DISCOVER 


T ! 


HALOGEN TORCHIERE 


* Halogen torchiere floor lamp. 
* Shines light upward, yet fills 


& alerts you in 1/10 T. entire room. 
of a second! TNR Nus ' — 

- Detects X and K - — Variable light control switch. 
band radar. » 500 Watt halogen bulb 


Item No. B-1740-127911 
Insured ida dics $9.00 


PLEASE QTY DESCRIPTION ITEM # “ony | PRICE 
NAME 
us. 
i CITY 
E ST—— ZIP em [— 
PHONE. 


Send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 


THE "GREAT DEAL" CATALOG 
ORDER TODAY! 
1-800-729-9000 
LIMITED QUANTITIES...HUGE SAVINGS!!! 


mum PACKMATE 286 COMPUTER | 
PACKARD BELI mass wes. WITH VGA COLOR MONITOR. 


An 80286 microprocessor, 2 disk 
drives and high resolution VGA 
color monitor make this computer | 
a must--ideal for desktop publishing!E 
- 80286 microprocessor (operates at 12 MHz). | 
* One 3-1/2" 1.44 MB floppy drive. 

* One 5-1/4" 1.22 MB floppy drive 

* 30 MB hard drive. 


* 1 MB RAM on mother-board: expandable to 3 MB. 
* Includes VGA 14" color monitor & VGA card. 


* High res. monitor: 480 x 600, & 256 colors. my 
* IBM compatible. * AT compatible. IN 
* B expansion slots. * Dual FDD/HDD controller. Sera ee Manufacturer's 
* 2 half height drive cavities exposed. pa = LES suggested Retail: 
* 1 half height drive cavity enclosed. "P n $3,449.00 


* e serial ports. * 1 parallel port. 
* System configuration in CMOS with battery back-up. 
* Included software: MS DOS 3.3 & GW BASIC. 

* 145W Universal power supply. 

* Socket for 80287 co-processor on motherboard. 
Zero wait state. * One Year Warranty! 

* Factory New! Factory Perfect! 


. Fanie free 
speakerphone. 

«58 number memory. 
* Dialed number E 
display, lets you see liii 

the number you 

called, time of day, 

and alarm settings. 
* Electronic hold 


| DAMARK PRICE: 


$1499 


Item No. B-1740-132142 | 
Insured Ship/Hand.: $39.00 
FULL FEATURED 
SPEAKER PHONE 


* LED signal strength indicators. * City/highway switch. * Glass insert below shade x. | i | aoe : 
* Audio jack. * Uses six "AA" batteries (not included). allows light to shine * Tone. fise) itchable. + Memory Index Card | 
* Wt: 6-1/2 oz. * Model RD-XL. - 90 Day Warranty! downward also—for a to list na ‘angatelephone numbers. | 
EIE RO Viso clip, suction cup complete lighting effect. | Meis Fi fo) fo) ih Mfa.S | 
T i p= iM, a : : L n | è oL : 
windshield mount, cord | Height: Approx. fe a. Sti nih for ao 
clips, hook & loop Mfg. Sugg. Retail: *1Year  Mfg.Sugg.Retail: micas’ Photinia, hea | 
fasteners, straight & coiled $249.95 Warranty! — $170.00 (9 volt not included). $99.00 
power cords w/plugs, à; x pra a Factory . Dim.: 6-1/4"W x 10-1/4"D lAMARK PRICE: 
soft vinyl carrying case. $ " | 4: OT. | $ | 
* Factory New & Perfect! $ Perfect! 5 4 Model € SEG: + 3 Q 
«1 Year Warranty! 


Item No. B-1740-132779 


* Factory New 
Insured ARDANE, : $6. zi 


& Perfect! 


SUB TOTAL ' 
| MN add 6% Sales Tax 


RUSH DELIVERIES 
genset ates $6.95 plus normal S/H. Look 
[ipn o the plane & ask your operator to 
"ship it FadEx® Delivery Services. 


Total S/H/ | 
GRAND TOTAL | 


EXP. DATE B-1740 


Cust. Service: 1-612-566-4940 
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CABLE b 


This VET Did It - and YOUR | PREIS LIQUIDATION! 
| Can Do It 


Too! 


"War injuries left me 
badly handicapped, pur 
now I'ma financial succe 

as a Locksmith, thanks hes 
your training. Besides, the 
work is fascinating. M | can 
do it anybody can. 

Glen Johnson, Larned: Kan. 


* Major Makes & Models! 
* Will match or beat anyone's prices! 
e Dealer discounts at 5 units! 
e Examples: 
HAMLIN COMBOS . $44 ea. (Min. 5) 


OAK ADD/ON $40 ea. (Min. 5) 


Make Up to $26.00 an Hour — even while learning! OAK M35B $60 ea. (Min. 5) 


e: a LOCKSMITH: & 


i 
If you enjoy fixing things, you're a “natural” enable you to get your share of this always- 
to make hundreds of EXTRA DOLLARS a profitable business. Hundreds we've trained 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
_Satalogs & Orders: 800-628-9656 


dac "a fascinating pustness of Mee are doing it. So can YOU. 

smithing. Rising crime has increase e- 

mand for service a thousandfold. Yet there's MAIL COUPON to discover how Locksmith- 
only one Locksmith for every 17,000 people! 


ing can keep the extra money coming in dur- 
ing spare time —or in your own full-time | 


a New Vio Renewal | 


COLLECT CASH PROFITS ALMOST AT ONCE! business. Ideal for retirement—good jobs, too. | han: of ad ress 

You're “in business" ready to make $10 to $26.00 FOLEY-BELSAW INSTITUTE | a Cha g | 

An Dour MUN days anar you pagn oer SH DOM ME Dept. 11763 [11 YR. $13.94 " o EMI 
saw's shortcut training. Easy illustrated les- sas City, reian ) 

sons complete with ALL practice equipment —.. N. Hunt, Wilmington, i —"| make $50 a | D1YR. (Canada and TEMO ) 


O Payment enclosed O Bill me later 


LILEILSIILILLLLILIIZETILIITI) 


P week extra. 
AFIS R. D St. Mo.—' 
6 ALL TOOLS YOURS TO KEEP (C) ii Era Louis, Mo.—"'I cleared $110 last 


9 KEY MACHINE YOURS TO KEEP 
@ EXPERT PERSONAL ASSISTANCE 
9 BUSINESS-BUILDING HELP 


Ed Boyle, Pittsburgh, Pa.—"'My business going 
a top speed. I'm moving to bigger quarters." 


! | FOLEY. BELSAW INSTITUTE 
THIS DO-ALL PRO 6301 EQUITABLE RD.. DEPT. 11763 


KEY MACHINE YOURS = KANSAS CITY, wo. 6å120 


i Rush FREE book, “Keys to your Future.” 
TO KEEI KEEP! Mame o OOO 


"Can add $5 add $50 
to $100 a week Address —— — č O uuo ee 


to your in- . gE uu "e m 
come... and D Ciy — — —— — sw — Zip 
ia doesn't cost 

| you a penny 


SINGERS! 


- REMOVE VOCALS 
4 FROM RECORDS AND CDs! 


LEET EEE EEEE E E E E E i E E E 


| 
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ON ID 


(PLEASE PRINT) 


when writing about service or a change of address. If you 


are moving, place your mailing label in this space and 
write your new address in the space provided below. 


Please attach your mailing label from the front cover 
Allow 6 weeks advance notice. 


| Yes, it's really possible by making 
and selling bright, colorful Badge- 
A-Minit buttons. Buttons are 
proven money-makers at fairs, its niea 
flea markets, conventions, or g 4 
anywhere people congregate. € 
They're fast and easy to make E B^ 
with Badge-a-Minit and E EH 
inexpensive! Merit 
Send for a FREE Full color 
catalog and idea book, or 


with " Badge A Minit p" 


LLILSIDTIILIIIIILILLLLAIIIILEIILLLILILI 
LEELETLEETIETETIEEL EET CESSES 


ALETI TITETITITLITILTILITI I I 

Occasionally we make our mail list available to reputable 
Nora mde. M EO OR CANNE 

Ven W uc a your home removed fom this list, please 

check the box below. 


O Please remove my name from your list. E 
Mail to: POPULAR SCIENCE 

send TD d Site NL onie pp M c ae PO. Box 2571 

bed. iS $1. Ippin o Rn E * 

(IL rodents add $1.87 tax) us - or P . Boulder, CO 80302 _| 


BADGE-A-Minit, Dept. P5290 


SING WiTH THE WORLD'S BEST BANDS! 348 North 30th Rad.. Box 800, LaSalle, IL 61301. Phone (B15) 224-2090 


An Unlimited supply of Backgrounds from standard 
stereo records! Record with. your voice or perform live 
with the backgrounds. Used in Professional Performance 
yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 
Free Brochure and Demo Record. 


LT Sound, Dept.PS-4,798 LT Parkway | 


Lithonia, GA 30058 (404) 482-4724 | 
Manuf actured and Sold Exclusivel LT Sound 
24 HOUR PHONE DEMO LINE: (404]482-2485 | 


Make and Sell Your — | ZU REPLACEMENT 
Own Ornamental en s D ROTARY MOWERS 


nel | "MINIMIZES CHANCES OF SERIOUS 
Concrete Items! — TÓC | MIU Sus LIKE A METAL BLADE 
Book about Aluminum Molds 0 VE EASILY INSTALLED * REDUCES DAMAGE TO 
including over 425 designs, LA | SIZE FITS Al LY /' TO 22 HOSES SPRINKLERS S AND 
prices and production trade 10 | “ee se ent ape K Chi ‘ieee 


secrets from the worlds , + SELF-SHA ae V MEC o obo 
largest mold manufacturer. | iELF-BALANCING 


4x dx x PRESENTING + 4x c dex 


CABLE TV 
EQUIPMENT 


eee ee STARRING © de x ox 


HECK DB MONEY ORDER TO 
VENTURE MARKETING GROUP 
132 N. BROOKHURST ST 
ANAHEIM, CA 92801 


ERROLD, HAMLIN, Ov 
AND OTHER FAMOUS MANUFACTURERS 
è FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL WHOLESALE PRICES IN US 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


AMAZING  1791b flying inachine 
CLIMBS to 10,000 feet NO LICENSE 


— — ONLY 1-800-345-8927 required NO WINGS or Helicopter blades FOR SPEEDI ER DELIVERY 
FOR ALL INFORMATION 1-818-716-5914 doped fitin Ganka Lee SATEET, s agd 
est eapest way to or complete info + | 
T T D deem yi $539 i M PLEASE USE YOUR 
1ers 1 st-Pittston 
PACIFIC CABLE CO. INC. — [— íi à ZIP CODE 
[^5 Sala] 


bee S MINIS One Be A Dealer If Open.) 


Face 1/2 RESEDA BLVD DEPT 1440 
RESEDA, CA 91335 
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BE YOUR OWN BOSS IN A BUSINESS 
WITH CLEAR-CUT PROFITS! | 


Gain Financial Ir infine by Operating 7 Sharp Outlook 
Your Own Sharpening Business. on the Future!” 


The secret to starting a business that will really pay offisto Don’t wait! Return the coupon below! 
offer a service that people in your area need. That's why a p —— —— e e e Å Å Å — — — 
carbide sharpening business is such a low risk venture. Foley-Belsaw Co., 6301 Equitable Rd., Dept.60638 


Carbide tools have become a common fixture in many | Kansas City, MO 64120 
businesses and home hobby shops. But it takes a (_] YES! | want to know more about how | can 
sharpening shop with specialized equipment to keep succeed at my own sharpening business. Please 


them in top cutting condition! Whether you live in a 
rural community, or a big city, there are hundreds of 
carbide tools that need sharpening in your area. 


Foley-Belsaw wants to work as your partner in this | 
lucrative line of work. Whether you want to set up a 
full-time business, òr just make a few extra dollars to 
supplement your income, we'll supply the equipment | Address 

and training you need to make money from day one. 

All we ask from you is an entrepreneurial spirit and an | tity State dp 
up-front investment so small it quickly pays for itself! 

- Send for your Free Business Owner's Fact Kit! | 


send me my FREE Business Owner's Fact Kit. 
| (There's no obligation, and no salesman will call.) 


Name 


) 
Area Code Phone Number 


—  -—— M —— — —— — — s — A Á Á A 


Find your dream home in these six exciting 

voluries packed with proven, innovalive t 250 HOME PL A N5| 
home designs. Order your favorite category 
or send for the complete collection, with 


over 4,050 illustrations in 1,136 pages! All 6 | «ij HOME PLANNERS, INC. 


books for only $19.95! | Dept. BK. 3275 W. Ina Road #110, Tucson, AZ 85741 
fous RUSH by return mail (check choice): 


L] (1) 315 ONE STORY HOMES 
(under 2,000 sq. ft.) $4.95 


CO (2) 210 ONE STORY HOMES (over 2.000 sq. ft.) $4.95 
C (3) 150 1-1/2 STORY HOMES $3.95 

C (4) 360 TWO STORY HOMES $6.95 

CO (5) 215 MULTI-LEVEL HOMES $4.95 

C (6) 223 VACATION HOMES $4.95 
[1 
Lu 


FREE! (7) NEW DESIGN PORTFOLIO $3.95 

Plebs FO OF Tir Of SEND ALL 7 BOOKS AT $19.95 (A $34.65 VALUEI) 

our planbooks at regular Name 

price and receive free this 

NEW DESIGN PORTFOLIO POTERE 

featuring 75 of our newest 

creations. Also sold 

separately at $3.95. | City — ÉL State Zip 

In Canada, add 20% to abo —— 
po a i 
Satisfaction Guaranteed! Credit Card | 20 Cedar st. N. Sales Tax: PSMO2 | 


Orders Call Toll-Free 1-800-322-6797 | | Prone 519-743-416 bs 2H2W8 MA reden add da 


| Kansas tuy Mo. 64120 


NOW! Get in on the 


[PROFITS in Ce 


S Us 
MAL. 2.5 
ENGINE E 

REPAIR! Ae 


Work part time, full time — money making 


right at home — we help ~ Wusinesst 
you every step of the way. 3 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 


| ica's fastest growing industries. You'll be able to command 


top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 


Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., 
and one-million new engines are being built each month. 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers, tillers, edgers, 
power rakes, garden tractors, chain saws, minibikes, 
snowmobiles,. generators, go-carts. paint sprayers. 
snowblowers . . . the list is almost endless. 


Professional Tools and Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP... All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
in your sparetime. Lessons are fully illustrated...so clear you 
can't go wrong, and with our famous ‘learn-by-doing’ method 
you get practical ‘hands-on’ experience. We also show you 
how to get business, what to charge, where to get supplies 
wholesale.. .all the inside tricks of the trade you need to 
assure success right from the start. 


Send for FREE Facts — Do it TODAY! 

NO Obligation - NO Salesman Calls! 
You risk nothing by accepting this offer to see how 
easily vou can learn the skills vou need to increase 
your income in a high-profit business of vour own. 

Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 
by return mail. mA, 


RUSH COUPON TODAY FREE 
Foley-Belsaw Institute BOOKLET! 
6301 Equitable Rd. Send for your 
Dept. 5 copy today! 


am um um um m mm SS eee ee 


p 
g FOLEY-BELSAW INSTITUTE / FOLEY Y i 
51785 3 
Kansas City, Mo. 64120.” BELSAW i 


[] YES, please send me the FREE booklet that gives i 


| M tuli detalls about Starting my own business in Small ï 


§ Engine Repair. | understand there is No Obligation and p 


4 that No Salesman will call on me. i 
W NAME. amisi. 
poro; —— c ————— 
es 
ae - RNNA ; 
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Popular Science Indexes 
Box 2451, West Chester, Pa. 19380. 
(check or money ied Please send: 


= MAIL THIS COUPON = 
FOR FREE FACTS! 


TRAIN AT HOME 
FOR A BETTER CAREER 


42 ways ICS can help you improve your life 


= 
ail 


Enclosed is a total of $ 


LI'88 L1'87 L1'86 L185 LI'84 O'83 U82 C8 
[180 0:79 078 C177 C176 0'75 O'74 O73 Lyra 


($1.75 each) OAI 17 indexes (1972-1988) for $17 L]Five indexes $5 


[ 
| 
| 
| 
| 
Name - 
| 
| 
| 
l 
| 


| FACTORY DIRECT CLOCKS 
'"— AND FURNITURE 


' Do-it-Yourself 
Kits or Assembled 
and Finished 


e Grandfather Clocks, 
Mantel and Wall Clocks 


e Cabinets, Chests, Tables, 


Address 


City 


(Prices eben iude posisge and handling. Allow about y picem for delivery) 


Rush free facts and color brochure on how | can 
train at home for the career | have chosen. | 
[ understand | am under no obligation and no 


B Associa ana will visit me. CH SCIATE IN SPECIALIZED re te eae RR E A ee Chairs, Desks...and more! 
SPECIALIZED BUSINESS TECHNOLOGY DEGREE YOU SAW IT IN noe RACK Wan, 
i DEGREE PROGRAMS PROGRAMS | | erry, or Oa 
T - Business Management - Civil Engineering Tech. POPULAR SCIENCE è Heirloom Quality 
unting Mechanical Engi Sh m | 
C Business Management Tech nology dis —BUT WHEN? " ae a poen 


C Electrical = ng 


® Money Back Guarantee 


with option in Finance 
Bo 


Business Management Technology 
ij with option in Marketing [C Electronics Technology 
——— — DIPLOMA PROGRAMS —————— FRE f CATALOG! 
i C Computer al Assistant [C Wildlife/ ""- . 
Programming O TCR Repair Forestry | AO | 
i C Personal O Surveying Conservation 1 -800-648-7938 
i Computer Mapping C Veterinary | 
Specialist []Catering/Gourmet Assistant JERROLD HAMLIN OAK ETC | 
£ High School Cooking O Diesel — ; 
[Bookkeeping (Fitness & Mechanics C AB LE TV 
ji C Secretarial Nutrition [ Electrician Ñ 
j ©) Medical/Dental CI Small Business  [] Interior. - — ! 
Office Assistant Management Decorating DESC E? AM ES LE E e 
[| C Legal Secretary C Drafting C Motorcycle 
C Fashion [ Air Conditioning & Repair e Compare our Low Retail Prices! 
ý = CN : e geron, J Du iu e Guaranteed Prices & Warranties! 
0 anics O Microcomputer otogra . Orde. ipped Immediately! 
T O Hoel napal j go Jourais | "S " ately 
fede C Electronics hort Story __ REPUBLIC CABLE PRODUCTS. INC. | | 
Management C Travel Agent Writing TOCE C | 
li Child Day Care C Police Sciences C Dressmaking & mas 4080 Paradise Rd. #15, Dept. 503 E.. | CLOCK. COMPANY 
Management (Art Design Las Vegas, NV 89109 World's Largest Manufacturer of Grandfather Clock Kits 
For all other information (702) 36: ... Dept. 3423. Emperor Industrial Park 
i Name Age — IE Fairhope, Alabama 36532 € Phone. 1-205-928-2316 
| am interested in 
li Address Apt. # PRESERVATION [9 Do. bourses Kits O Finished Clocks O Finished Furniture 
f City/State No. PLAN ON IT Name 
fi Phone ( ———— I — H——À " uiu Ae Street 
EPSE International Correspondence Schools amio Mi City 
: Dept PESIO , 925 Oak St Scranton. PA 18515 E tor Fistonie Preservetium State Zip 
sum onm aum nd (Please Print) 


1785 Massachusetts Ave., N.W 


— Department PA 
A Subsidiary of National Education Corporation 


Washington, D.C. 20036 


CABLE TV 


DESCRAMBLERS | 


Classified Opportunity Mart BEEN 


GOVERNMENT SEIZED VEHIC 
LOW AS $100. Amazing Recorded Mes 
Reveals Det: tils! (708) 428-2335 Ext 20K 


DRUG RAID SEIZURES! Buy 
Cheap. Mercedes, Fords, Porsches, Y 
Trucks. Free Details Seizures, Box 4 
| YA, West Covina, CA 91791. 


AUTOMOTIVE COMPUTER REF 


STOP JAMMIMG ME 
If you rent video tapes they're | 
jamming you too. 
When playing back rented movies you will notice 


SSAVI............ 
TOCOM... 

EAGLE... | 
COPY GUARD $59 95 
STARGATE... $99.00 


ATLANTA $140.00 
OAK M35B $99.00 
ZENITH $185.00 


MANY MORE... CALL OR WRITE FOR 


FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


M.D. ELECTRONICS INC. 


115 NEW YORK MALL 
SUITE 133-S 

OMAHA, NE 68114 

| ORDERS AND CATALOGS CALL 
TOLL FREE 


1-800-624-115C 


HE COD 


FOR INFORMATION PLEASE CALL | 


(402)554-0417 


HY ORDERING CARLE TV EQUIPME NT FROM M. D. ELECTRONICS THE PUR- 


CHASER AGREES TO COMPLY WITH ALL STATE AND FEDERAL LAWS 


REGARDOING PRIVATE OWNERSHIP OF CABLE Ty EQUPMENT, F YOU ARE 


OF THESE LAWS CHECK WITH YOUR LOCAL OFF ICIAL S 


100 | POPULAR SCIENCE 


PLAN How-to on latest GM computer syst¢ 
| Satisfaction E s 2 Money Bact 5^ NY 13760 Send $10.00 to: Auto Comp., P.O. Box 2( 
1 | Mont. AL 36120-0386. 
| [Guaranteed eliminates all copy protection| ALTERNATOR/GENERATOR Rebuild- ALTERNATE ENERGY 


FEBRUARY 1990 


*Completely automatic no adjustments. 


*Digital state of the art. 
*Works on all TV's, VCR's, Beta, Cable. 


EE] Order toll free faa 


ae pee 


Call or write for your free catalog 
402-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


AUTOMOBILES 


IS It True You Can Buy Jeeps for $44 | 


through the U.S. government? Get the facts 
today! Call 1-708-742-1142 Ext. 4606 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide (1) 805-687-6000 
Ext. S-20025. 


VAPOR Carburetor Triples MPG. Free 


Information. H&A, R2PS, Bowling Green,. 


MO 63334. 


ing Book. Price: Hedelund Engineering, Box 
26044, Las Vegas, NV 89128. 


| GOVERNMENT re 
SEIZED PROPERTY [ior 
P LITTLE-KNOWN SECRET REVEALED! erue 
| Automobiles Trucks, Boats Vans Furrr 
g ture, Appliances, Stereos and TVs 
d Thousanc ds of other items Selred 
y in Narcotica Raids! Buy dirt cheap 
Bor your own use ON resell at Big Profits! 


FREE INFORMATION! =e 
(216) 453-3000 Ext. A93642 5L d 


"Hn 


PT 


ALI DPDIDPILILIITITILITU ae. 


CARBURETOR ENHANCER. Can | 


double mileage, retain full power, fits all 
carburetors, satisfaction guaranteed. Eagle 
Research, (604) 426-7229. 


DON'T GET RIPPED OFF! When buy- 
ing used cars. Veteran mechanic reveals pro- 
fessional secrets. aut e CIRCUITEX, Box 
653, Berea, OH 44017 


AVOID AUTO SALES RIP-OFF 


Learn how the tricks of the auto trade 
can cost you hundreds or even 


thousands of dollars! 
Send $5.00 
(Postage & Handling included) to: 
D&T 
Consumer Consultants 
P.O. Box 520 Hayes, VA 23072-0520 


SOLAR CELLS 


If you want Solar Electricity atthe Very Be 
Prices, sendS2iRefundableMorourcatald 
of New & Surplus Solar Electric panel] 
cells, inverters, controllers, books, a 


related technology forindependent pow 
APPLIED PHOTOVOLTAICS 
Box 2/73, Staunton, VA 24401 
“Bringing the costof Solar Electricity do 
to earth.” 


200 UNCONVENTIONAL ENE 
TECHNOLOGIES! AMAZING D 
BASE CATALOG! $2: REXCO, 
19250, JEAN, NV 89019 


FREE ENERGY! Fuel-less Motors 
Generators! H&A, R2EPS, Bowling G 
MO 63334. 


FREE HYDROGEN FUEL and (^ 
Generator uses Water and Solar Cells. I 
and Kit $12.00. Prairie Power, Box ! 
Edmonton, Alberta, T6H OLO, Canada 


FRINGE SCIENCE NETWORK 
disci ees rupe For information and news! 
$3.00 to: UNIQUEST, P.O. Box 

C e NC 28715. 


ENERGY, TESLA COILS, 
GRAVITY, UFO'S PARANORMAL I 
NOMENA information package—55 
HEER, P.O. Box 5286, Springfield 

150. 


assifi 


Opportunity Mart 


ach 4.4 million readers every month with an ad in Popular Sciences 
issified Opportunity Mart. April Issue Deadline (on sale March 13) 
January 23. Rates: $10.50 per word. Min. ad 10 words. Darker type 
yid) words $1.00 per word extra. Display Classified: $585 per inch. 
(ment with order, or charge your Visa, MC, Amer. Exp, or 


- Diners Club Account (give # & exp.) Advertisers using box number in 
“ad must furnish name & street address for our records. Send order & 
remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 2 Park 
Avenue, New York, NY 10016, 212-779-5000. For advertising informa- 
tion call 800-445-2714. 


- Dorothy Ellis, Classified Advertising 


ALT ENERGY (Con't) 


ZAPETUAL Motion Puzzle Solved! Ex- | 


ng Report $1.00. ALLSOURCE, Box 596, 


‘A 98356. 


IEFRIGERATE Without Electric! Gas 
igerators work Anywhere. Write: Leh- 
ns, 411B, Kidron Ohio 44636-0041. 


'ARABOLIC Solar Collector YOU build 
ASH YOUR HEATING BILLS! 
mplete Plans: $10.00. The Dove Com- 
iy, Box 190063, Burton, MI 48519. 


AUTO SUPPLIES & EQUIP. 


INGINE OVERHAUL KITS: Wholesale 
alog $2.00. Engine Service Group, Dept. 
Box 13053, Lansing, MI 48901. — 


LICK 50. $31/BEAT ANYONE. 
00-537-7932 (CA (408) 28-SLICK). B&J 
JCLALTIES, Box 7783, San Jose, CA 
50. 

AVE FUEL! TREES! Carburetion Ca- 
s $10 Finlays Patent, Box 5802, Light- 
isepoint, FL 33074. 


EVER BE LOCKED OUT of your auto- 
bile again. Complete electronic plans, 
95. Unlock, Box 6258, Traverse City, MI 
85-6258. 

lORVAIR PARTS—6000 parts in 400 
e catalog—$4.00. Clarks CORVAIR 
aTS Inc., Box A, Shelburne, MA 01370 
3) 625-9776. 


WE WILL BEAT ANY 


ICK 50. 

CE! U.S. AUTO-TECH,  1-800- 

-5425 FREE CATALOGUE! 
BETTER HEALTH 


DP SMOKING! LOSE WEIGHT! 
^E WITH STRESS! Achieve your goal. 
Hypnosis tape Satisfaction Guaranteed. 
5 ea. MIDNIGHT SUN, 2900 Boniface 

Dept. P3421, Anchorage, AK 99504. 


BOOKS & MAGAZINES 


3 POWERFUL nit TO MAKE 
DFITS" o m yom P uct, invention, or 


lice. Order ay! Send $12. 95 plus $2.00 
age/Handling to: PEI, P.D. Box 30778 
hington, D. . 20030-0778. 


UBLISH YOUR BOOK! Join our suc- 

| authors. All subjects invited. Publici- 

advertising, beautiful books. Send for 

filled booklet and free manuscript re- 

Carlton Press, Dept. PSN 11 West 32 
at, New York 10001 


ATIONAL Recovery from Alcoholism: 
Small Book. $13.45 n* Consec, 27327 
inson Road, Conroe 113895. 


D COVERUP EXPOSED! Top Secret 
rt on alien-government agreement. $1. 
En, Box 753P, New Brunswick, NJ 
| 


OMEOWNERS. Save tens of thousands | 


our mortgage. Details free. Mortga 
ation, 659 Western Blvd., Ext., PSF 
e 207, Cary, NC 27511. 


loATS, INBOARD/OUTBOARD 


DAT PLANS—PATTERNS—KITS— 
dreds of Proven Designs—7'/55'— 
lroplanes—Canoes—Kayaks— 
boats—Duckboats—Dories— 
sboats—Sailboats—Houseboats— 
tfishers—Latest Technology/Simple— 
henglue. 168 page DESIGN BOOK 
.00 AIRMAIL. Includes FREE “Boat- 
ling Supplies" catalog. Book: 312 page 
TBUILDING WITH  PLYWOOD, 
W 3rd Edition ONLY $25.95. GLEN-L, 
Rosecrans, Box 1804/PSZB, Bellflower, 
00706. 


BOATS, ETC 


BOAT KITS—PLANS—PATTERNS— 
CHOOSE FROM HUGE SELECTION— 
8'/70" - Powerboats - Sailboats -Houseboats - 
Rowboats - Hydroplanes - Tunnelhulls 
-Duckboats - Canoes- Kayaks- Dinghies- 
SUPPLIES - Epoxies - Fiberglass - Foam - 
SEND FOR GIANT ILLUSTRATED CAT- 
ALOG $3.00 ($5.00 airmaill—Book “Ama- 
teur Boatbuilding” $6.00D—CLARKCRAFT 
16-S Aqualane, Tonawanda NY 14150. 


ALL TERRAIN VEHICLES 


"BUY ONE AND WE'LL MAKE. 


YOU AN EXCLUSIVE DEALER _ 


passenger 
models 


(Z1-vyears-oid and over, Please) 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. — — 
60 Depot Street, Buffalo, NY 14206 


ASTRONAUTICS 


SPACE'TIME CONTROL TECHNOL- 


OGY! AMAZING DATABASE CATA- 
LOG! $2: REXCO, BOX 19250, JEAN, NV 
89019. 


WBUILD YOUR OWN 
ROCKET MOTORS! 


e UP TO 80 POUNDS THRUST! . 
& USING SIMPLE MATERIALS! 
© FOR JUST PENNIES A IR 
Homemade rockets go together qu ickly 
homemade fertilizer charcoal Tuel. X one 
fly thousands of feet! Speeds to MACH I! 
Write lor our catal nm and we'll send you a 
working sample of a E electric rocket 
igniter AND teach von how to make vour own 
homemade rocket motor casings, all using 
materials you'll find around your house. 
SEND $2.00 TO: 
Dept. PS2, THE TELEFLITE 
CORPOR ATION, 11620 Kitching, 
Moreno Valley, CA 92387 


LARGE ROCKET Kits, Motors. $1.00. 
HSR, Box 5127, Reno, NV 89513. 


AVIATION 


[y^ "Helicopter & gyrocopter kits, 
=a Components k plans available 
No pilot's license required 


Helicopter Plans plus Experimenter's Handbook 
plus full kit information: 
Only $19.95 4 


FOREIGN: add £4 D.S., 


HELI(RAFT 


PO. Box 50-A (For information only ` 
Riderwood, MD 21139 miles: 


Credit cord order line: 1-301-583-6366 


ada JOL 2L0 


BOOMERANGS. . . INCREDIBLE RE- 


TURNS! Worlds Best Hi-Tech Designs. Free 
Illustrated Catalog. Amazing! Boomerang- 
Man, 1806-2 N. 3rd, Monroe, LA 
11201-4222. 


HOBBY HELICOPTER. Ultralight sin- 


gle seater. Simplified construction— 
otorcycle e ine. Brochure $5.00. POLY- 
NOVA. Dept. PS, Saint-Remi, Quebec, Can- 


MEET MANX” 


YOUR PERSONAL FLYING MACHINE 


Finally, an inexpensive homebuilt helicopter...thal makes | 
sense! Forget everything you know about conventional heli- 
copters. We have re-written the book on helicopter design. 
The MANX" co-axial helicopter needs no tail rotor because it 
produces no torque. Twin counter-rotating rotors provide fail- 
sale hover and cruise flight with no noticeable vibration. 

C] VERY EASY & SAFE TO FLY 

[| INEXPENSIVE TO OPERATE & MAINTAIN - 

[12 PASSENGERS to 150 MPH; 600 MILE RANGE 

[] USES AUTO FUEL; OVER 20 ‘CU, FT. BAGGAGE 
Learn more about the remarkable MANX " co-axial helicopter 
Send today for tree information package 


Moshier Technologies 
TM HRS SUSTSIN (Dept. PS2). ) Los Altos, CA 94022 


ARTS & CRAFTS 


“GETTING Started In Stained Glass" 
$1.00. Whittemore, Box 2065X, Hanover, 
MA 02339. 


BURGLAR/FIRE ALARMS 


"UNIQUE SECURITY PRODUCTS!" 
Information $2.00 (Refundable) Carter 
House, P.O. Box 2009, Springfield, VA 
22152. 


: Our Handy “WATCHDOG” 
L E is a new advance warming 
aram that will scare away intruders and 
burglars. Just place it on the inside door-knob 


of any non metallic door. A loud alarm sounds | 


| whenever the outside knob is touched. 


Measures a compact 41/2" X 21/2". Ideal for 
use at both home or while you're traveling. 
Great Gifts too. ORDER NOW! Just $7.95 
plus $2.40 S/H. Satisfaction Guaranteed. 
SEND CHECK or M.O. to: 
LONDON DEL'S GIFTS 
100-A PALM AVE. P.O. BOX 9149 
PEMBROKE PINES, FL. 33084 
FL. RES. ADD 6% TAX. 


SECURITY Alarm/Flashlight with wrist 
strap. Lights your way, while Loud Siren 
repells attackers $9.50. E.W.E., P.O. Box 
1335, Cleveland, OH 44120-7435. 


BUSINESS OPP 


| $1000'S WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, Los 
Angeles, CA 90093. 


GET PAID for mailing letters! Write: 


PAASE—SWT, 161 Lincolnway, North Au- | 


rora, IL 60542. 


READ BOOKS for pay! $100 a title. 
Write: PASE—JT5, 161 Lincolnway, North 
Aurora, IL 60542. 
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IMPORT-EXPORT opportunity, profit: 
ble world-wide, mail bii ea business fror 
home, without capital. We ship plan for n 
risk examination. Experience unnecessar 
Free Re rt. Mellinger, Dept. A2693, Woo 
land Hills, California 91367 


MILLIONAIRE Mailorder Expert Re 
veals Money-Making Secrets. Free, excitin 
hour cassette: Melvyn Powers, No. Holl 
wood, California 91609. 


NEW! GROW EXPENSIVE PLANTS: 
SELL FOR 2,000% PROFIT. Free info: 
mation. GROWBIZ, Box 306-51, Seminar 
MS 39479. 


TAKE PICTURES for profit. Camer 
Ventures, Box 771, Lamara, CO 81052 


LEARN Gold, Silver Scrap Recyclin 
Business. Free information: Recycling Ba 
11216PS, Reno, NV 89510-1216. 


MAKE YOUR DREAM COME TRUE 
EARN $60,000 YEARLY REPAIRIN! 
SMALL CRACKS IN WINDSHIELD: 
NOT REPLACING THEM. CALL TOL 
FREE 1 (800) 826-8523 OR WRITE 
THE GLASS MECHANIX INC., 1017 


- NW 47 St., Sun Rise, FL 33351. 


LET The Government Finance you 
new or existing small business. Grants/loar 
to $500,000 yearly. Free recorded messag 
707-448-0270. (JG6) 


FREE MONEY! You can receive ever 
year. $3 Billion is given away that never hz 
to be repaid. To start receiving your shan 
call (619) 280-5050 ext. 1504. 


$1.00 HOMES Repossessed VA an 
HUD homes available from governmen 
They will even give you $5,000 to fix it upif 
needs repairs. delinquent foreclosure 
Call ( 619) 280-5050 ext 2304. 


$1804 MONTHLY! Buy/sell cars (span 
time). Revealing proof! Write: CODEX, 50 
Oak Drive, Friendswood, TX 77546. 


MAILORDER Opportunity: Start pro 
itable home business without experience ¢ 
capital. Free book. Mail Order Associate 
Dept. 557, Montvale, NJ 07645. 


PIANO TUNING PAYS: Learn with hs 
proved home study course. Di ins 
American Tuning School, 17050 Te fer D 
Morgan Hill, CA 95037. 


THOUSANDS Monthly! Using your Ar 
swering Machine! GC Industry, Box 7356! 
PS, Washington, DC 20009. 


$392.00 FROM Square Foot Plywoo 
Huge Demand! Revealing Proof $1.00 (Ri 
fundable)! Woodwins, Bridgewater, Mas 
02324-2299. 


HYDRAULIC JACK REPAIR MANIL 
AL AND CATALOG $10.00. HYDRAL 
LIC PARTS SUPPLY, BOX 415; 
BROWNSVILLE, TX 78523-4157. 


SCWL Subliminal Tapes Wholesals 
Write: Life Enhancement, 811 Moulin, Max 
ison Hgts., MI 48071. 


"SELL MONEY!" Become a Loa 
Broker! Free details. Dept. PS-220, Finar 
cial Planning, 210 5th Avenue, New Yorl 


10010, (718) 786-6803 Ext. 200 (24 Hrs). 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or high 
profit with lenses and screens utilized by SONY, ZENITH, 
SYLVANIA, and MAGNAVOX! Simple construction! HHustrated 
information, profit plan, and complete parts catalog $2 . . . 
Money back guarantee! Eam $100,000 year!!! 
POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 
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| CANS! Eas 


BUSS. OPT. Conu 


| $15,000 MONTHLY INCOME! Easy 


moneymaking plan. MO INVESTMENT. 
Financia Box 1150-PS, Fort Washington, 
ALUMINUM SCRA P—R ecycle 


Yourself —-—A4AKE UP TO $25.00 
POUND! FREE Information: Industrial- 


| PS-2, Box 127, Alexandria Bay, New York, 


13607. 


$225 DAILY "CHROME PLATING" 
Auto Parts, Motorcycles, inexpensive, easy. 
iFREE) information: Chrome, Box 2285, 
Waldorf, Marvland 20604. 


TAKE Catalog Orders. We drop-ship 2955 
best-selling specialty products. Towi he- 
low wholesale prices. Immediate delivery. 
Spectacular home business op 
Free Book. SMC, 9401 De Soto Ave., Dept. 
28-13, Chatsworth, CA 91311-499]. 


RECYCLE METALS. NO, NOT BEER 
$458 weekly! Free informa- 
tion. Hornsby’, Box 1214, Franklin, TN 
37065-1214. 


MECHAMCATLY inclined individuals 
desiring h Weekly Profits operating 
Small hen acturing business Without In- 
bene write: Businesses-P, Box 9008, 
Baldwin, N.Y. 11510-9008. 


$500 WEEKLY Possible Mailing Busi- 
ness Circulars. Two Loose Stamps Brings 
Details. Nationwide, Box 522-P, New Haven, 
IN 46774, 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27717. 


NEED MONEY? Free Grants, Signature 
Loans, Business Loans. Write: Action #7-Y, 
Box 5499, Diamond Bar, CA 91765. 


$15,000 MONTHLY Income! Easy Mon- 
eymaking Plan. No Investment. McDowell, 
Box 5529-Y, Diamond Bar, CA 91765. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, A 92803. 


DRUG RAID SEIZURES! Buy dirt | 


cheap. Cars, Houses, Boats, Computers, Fur- 


niture. Free Details: Seizure, Box 4309-YD, | 


West Covina, CA 91791. 


$10,000 MONTHLY Taking Photo- 


graphs at Home! Call recorded message: 
(303) 674-8155. 


GET PAID for reading ma 
report. Johnson Enterprises, 
98 Sandini Rd., Marlboro, MA 01752 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
bed supply ever bad Details free. VIP, 

ontrose, Chicago 60618. 


HUNDREDS weekly easily. queers 
PROVEN products. Spare Time. No Experi- 
ence, Free information. IEC, Box 2221. Sil- 
verdale, WA 98383. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 43300- 
S, Hickory, NC 28603. 


PROFITABLE (Gold Foil Printer. Ferson- 
 alize business pencils, matches. Free 
details, Gold, P.O. Box 2 24986 (LLC, Tampa, 
FL 33623. 


BUMPERSTICKER PRINTER. Cheap, 
simple, portable. Free details. Bumper, P.O. 
Box 22791 (LLC), Tampa, FL 33622 


SCREEN Print T-Shirts. Inexpensive 
kits. Free Details. T-Printer, P.D. Box 23981 
(LLC), Tampa, FL 33623. 


ADVERTISE FREE in 21.300 
Publications Broadcasts. $5.95: Directory, 
Box 14107DB, Jackson, MS 39236. 


FORMICA: Repair Burned and Damaged 
Countertops WITHOUT REPLACEMENT! 

ick, easy to $600/day. Change counterto 

olors WITHOUT REMODELING! Mil- 
lions of apartments, homes pay profits 1m- 
mediately. Introductory package FREE! 
206/256-9742. Introductory Videotape $14. 
RENEW-ALL BOX 3900-55, Vancouver, 
WA 98668 


ADVERTISE free in 507 Magazines, 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


early selling information 


beats matzo. “Cate us $2.00. Success, Box 461 


Louise, 
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rtunity. | 


MAKE HOMEMADE BOOKLETS. l 


FVE EARNED 3137.000 WITH MINE. 
MONEY NEVER STOPS! Free informa- 
tion: Dasher, PO. Box 5320, Sevierville TN 
37864. 


$97,500 YEARLY "hidden" in your com- 
uter? Yes! (Free) report: Simpson, 771 PS, 
ttle Ground, Washington 98604-0771. 


$40,000 on ts ACRE! New hydro- 
y)nies-inexpensive, pleasant, practical! 
"ree information. Planters, Box 1214, 
Franklin, TN 37065-1214. 


ADVERTISE FREE in 600 Magazines. 
Instructions. GUARANTEED, 37.00. FS, 
Box 298-H, Oliver Spring, TN 37840-0298. 


MY WOODWORKING SHOP MAKES 
ME $300.00 WEEKLY, PART-TIME, 
Yours Can Too! Free Details. Rick Gun- 
daker, Dept. 11, 8042 Oliver Road, Erie, PA 
165089, 


BECOME A REAL ESTATE AP- 
PRAISER. $100,000 Plus Potential. Home 
Study or Atlanta Classes, Free Literature. 
800-223-4542 Dept. RB109. 


CASH Flow By Mail Money Back Guar- 


antee. Details $5.00 Globe Inc., 3355 Park- | 


side Dr Brookfield, WI 53005. 


$100,000 Income GUARANTEED 
WORK at HOME Fastest Simplest Way 
Ever 100% PROVEN EFFECTIVE 59.95. 
H. Hourani, P.O. Box 112, Washington DC 
20044. 

MAILORDER MULTI-LEVEL BUSI- 
NESS PLAN. Send $5.00, JKP, 629 Acker 
Pkwy, DeForest, WI 53532. 


$5,000/MONTH WITH ZERO IH- 
VESTMENT! No products to sell, no over- 
head, no inventory. Let others make you 
rich! Established 5-year-old company. $50 
billion industry. Call 24 hour hotline for 
details and free start-up package. 1-900- 
141-2211. ext, 956. $1.95/min. 


MAIL order bonanza selling books. I've 
made $300,000 4+ every year. Step- 
by-step plan. Free. HPC, Box 3879. 
Torrance, CA 90510. 


BUSINESS SECRETS revealed by suc- 
cessful entrepreneurs. Send $4.95. GRQ, 
P.O. BOX 1118, Huntington, NY 11743-0640 


MAKE EXCELLENT MONEY AT 
HOME PART-TIME IN DIRECT MAR- 
KETING indispensible guide plus unusual 
useful gift! Guaranteed! Presently $7.00 

stpaid! Burgess Enterprises, 13 E Bigelow 
Oak -CP3290, The Woodlands, Texas 77381. 


START A MOBILE DOG WASH busi- 
ness lor work at home! I earn $347 on week- 
ends. Easy-to-build equipment. Free infor- 
mation. Shepherd. 720 Vouray Drive, “C’, 
Kenner, LA 70065. 


$280 DAILY— with phillips screwdriver! 
Installing wireless home security systems. 
Huge demand. Free report. Security —Box 
1058-PS, Bellingham, WA 98227 


EARN THOUSANDS on weekends thru 
Garage Sales and Flea Markets! Details! 
(407) 682-5582 ext. PS1. 


HOW TO GET RICH IN MAILORDER! 
Detailed 352 page book on how. to get 
started and succeed. $21.00 postpaid. Sat- 
isfaction—Guaranteed' EMINENT 
PRESENTATIONS, 622 Hahlo, Houston, 
Texas 77020. 


WHOLESALE ANY QUANTITY. 
WOULD YOU RISK A STAMP TO RE- 
CEIVE FREE INFORMATION REGARD- 
ING HUNDREDS OF PRODUCTS 
GUARANTEED TO YOUR FAMILY'S 
SATISFACTION? DEPT. PS, DICK 
CAYOT, 3810 2nd AVE., DES MOINES, 
IOWA 50313-3504. 


MAKE $250,000 at home. $5.00. Robert 
Roach, 323 Hilton Dr., Lexington Park, MD 
20653 


IMCREDIBLE Success High profits in 
home businesses! Guaranteed! Free details, 
New Horizons Unlimited, 3432 Orchard 


Park Rd.. Suite 210, Orchard Park, NY 


14127. 


MAKE'/SELL Engraved signs and tro- 
pues Highly profitable. Low investment. 

ree information. Trophies, Box 24215, 
Tempe, AZ 85285. 


BE vour own boss! 1001 fast, easy ways to 
make money! Free! Rush name, address. 
Monev Making, Dept. PS, Box Z, Studio City, 
CA 91604. 
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YOU can sell anything by telephone. 108 


Page Detailed Book $11.95 PP. Midwest 


Press, P.O. B. 55003, Omaha, NE 68155. 


$400 DAILY! Eas 
Box 174-P, Dawson 


Free Details. Agora, 
K YOB 1G0 


MAKE THOUSANDS GUARANTEED 


MONEY MAKER Free Details. Financial 
Planners, 225 Dawn Isle, Las Vegas, NV 
89128. 


EARN HUGE PROFITS! Import 12,864 


roducts from Orient! Guaranteed results. 
ree Report. Chan-PS2, GPO Box 882, Hong 


Kong. 


$1200 WEEKLY Changing Heating and 


Air Conditioning Filters! SPARE-TIME! 
Easy PROVEN Business. HUGE DE- 
MAND! Business Plans—$5.00. ADSCO, 
Box 1996. BrokenArrow OK 74013 


PIANO TUNING ACADEMY 251s Ger- 


mania, Alexander ARK. Profitable Proven 
Successful. 


100-- BUSINESSES You can start from 
home. Book $3.00. Griffith, P.O. Box 5452, 
Canyon Lake, CA 92380. 


BUY IT WHOLESALE 


FREE report, WHOLESALE, direct from 
manufactures. Sunnyside Distributor. Dept. 
11, Box 4221, Jeffersonville, IN 47130. 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


400,000 BARGAINS Below Wholesale! 
Man ree Liquidations . . . Closeouts! . 
dob Single Samples. Free details. 
Worldwide Bargainhunters, Box 1409-B, 
Holland, MI 49422. 


WATCH REPLICAS! Lowest Nation- 
wide! Warranty! 1SKT Goldplated! Exact 
weight! (404) 963-3USA. 


CB RADIO 
POLICE-FIRE SCANNERS, CB’S, 
MARINE 2-WAY, ANTENNAS, HPR, 


BOX 19224PS, DENVER, CO 80213. 
COMPUTERS . 


FREE Programs!! [BM c's/Apples/ 
TRS80s/Commodores, EZRAEZRA, Box 
52228FE, San Diego. CA 92105. 


BUILD vour own Macintosh and save 
50%. New book shows how. Free info. 
Brants, Box 68708, Portland, OR 97268. 


FREE SOFTWARE for IBM and compat- 
ible computers! Info. $1.00. Blue enip Engi- 
neering, Dept. 17, PFO. Box 1100, Walnut, 
CA 91789. 


BUILD YOUR OWN XT/AT COMPATIBLE 
COMPUTER SYSTEM AND SAVE MONEY! 
| PC clone builders manual shows how to assemble 
à complete IBMS compatible computer from in- 
dividual components and subsystems. Also, how 


to configure and test your complete system, in- 
cluding troubleshooting and hard disk installation. 
Complete parts list included. To order send $24 95 to: 
CLOMETECH 
P.O. Box 821, Marshalltown. 1A 50158 


IBM Software $1.99 Per Disk Sample Disk 
+ Catalogue For $2.00. Star Data, 333 Co- 
balt Way, Suite 107, Sunnyvale, CA 94086. 


ABC LOTTO IBMPC, program 5-7/30-80 
historv files, statistics, wheeling. 5.25 disc 
$26.90, 6% Florida tax. CTSoft Co., POBox 
691384, Orlando, FL 32869. 


FREE TRIAL IBM-PC memory resident 
speller, like DICTIONARY $29. For trials, 
send $2.00. SpellRite, 5656 East 36th, Tuc- 
son, AZ 85711. 


COINS 


SILVER EAGLE DOLLARS 1956- 
$15.00, 1987-19858-1989-$10.00 with coin- 
Loc Cushion Case. Marco Discount, Box 
2270, West Paterson, NJ 07424. 


| DIVORCE 
INFORMATION, Newsletter $3.00. 
Spread the word! Men’ Rights Association, 
Route 65, Forest Lake, MN 55025. 
EDUCATION AND INSTRUCTION 


$1000s for College: Free Report. FAS, 
Box 372, Northfield, NJ 08225. 


TERMPAPER assistance. 16,278 tor 
available! 306-page catalog—rush $2.00. | 
search, 11322 Idaho, #206KT, Los A 
90025. TOLL FREE HOTLI 
800-351-0222 (California: 213-477-8226) 


FREE colpe Tape External Degr 
Business/Publie Administration 
Graduate-Undergraduate. Financial A 
(800) 759-0005, LA SALLE UNIVERSE 
Mandeville, LA 70470-4000. 


UNIVERSITY DEGREES WITHO! 
CLASSES. BACHELOR'S, MASTER 
DOCTORATES. ACCREDITED, INE 
PENSIVE, FAST. FREE INFORM 
TION. DR. JOHN BEAR, PO BOX 8:7 
PS, BENICIA, CA 94510. 


HIGH SCHOOL at home, diploi 
awarded. Low monthly payments. 
classes, information free. Phone fi 
1-800-228-5600, or write: American Sche 
Dept. #547, 850 E. 58th St., Chicago, 
306037. 


SUPERLEARNING! Triple learni 
speed through music! Develop Supermer 
ry; control stress. Free-book excerpt & ca 
log. Superlearning, 450-PS2, Seventh A 
nue, N.Y.C. 10123. 


SPEED READING MADE EASY. . 


tounding new reading method! Free ini 
mation: Manuscripts, P.O. Box 41410, Ba 
Rouge, LA 70835. 

PARALEGAL CAREER? La 


SCHOOL? Get ahead with new au 
ocassette course by prominent attorn 
Learn exciting personal injury field in t 
hours. Free details, FINN Suite S 940 N 
th, Waukegan, IL 60085. | 


PARALEGAL GRADED CURRIC 


LUM. Approved in-depth training by cor 
spondence. BLACKSTONE SCHOOL | 
LAW: 100 years of legal training. Write 
free catalog. P.O. Box 790906, Dept. PS, I] 
las, TX 15319. 


FULLY APPROVED UNIVERSI 
DEGREES! Economical home study 
Bachelors, Masters, Ph.D., fully appro 
by California State Department of Edu 
tion. Prestigious faculty counsels for ir 
pendent study and life experience c 
(5000 enrolled students, 400 faculty). 
information— Richard Crews, M.D. i 
vard), President, Columbia Pacific Uni 
sity. Department 2R52, 1415 Third j 
San Rafael, CA 94901. Toll free: (8 
227-0119: California: (800) 552-5522: 
(415) 459-1650. 


UNIVERSITY DEGREES With! 
Classes! Accredited Bachelors, Maste 
Doctorates. Free Revealing Facts! Thor: 
PS2, Box 470886, Tulsa, OK 74147. 


WORLD WIDE COLLEGE OF Al 
TIONEERING, INC. Since 1933. Te 
Soon, Free Catalog COL. Gordon E. in 
Box 949, Dept. 3 Mason City, LA 5 
515/423-5242. 


BECOME A PARALEGAL. Work 
Aitorneys. Lawyer instructed home st 
AMERICA’S FINEST PARALEG 
PROGRAM. Free Career Literati 
800-223-4542 Dept. LB109. 


FREE CAREER GUIDE. Earn 
money with Success Proven Corresy 
dence. Diploma Courses. Granton Insti 
AE ae aide Street, West Toronto, Ca 

1 


PARAPSYCHOLOGY Course. Diplol 
Universal Esoteric (Dept. PS), Box 592 
FLA 33159. | 


ELE CTRONICS 


SURPLUS Electronics. 72 page ata 
$2. Surplus (PS), Box 276, Alburg, 
05440. 


SAVE MONEY! Simple book shows 
to buy stereo equipment. $8.95 or F 
details. HELPBOOKS, 7-A Simpson 
Bo. Burlington, V'T 05403. 


FINANCIAL 


FINANCIAL Investment Guide I 
Yourself! 20,000—56,000 Income Brad 
Free Details. Twinoaks, 3920-67 St. 
Moines, [A 50322. 


DEBTS? BILLS? BAD CREDI 
problem! We'll help now. Applications 
cepted $500-$50,000. Not a joan comp 
Free app: TCAC, Dept. PS, 400 Ce 
Park South #117, Birmingham, Alab 
35226 or call (205) 979-1400. 


FINANCIAL iCon't) 


ONEY AVAILABLE! Ist And 2nd Mort- 
res, Business And Personal Loans, Credit 
ds, Grants, Regardless Of Past Credit 


story. Check Us Out With The Better | 
siness Bureau, Lancaster, PA. We Want | 


Business. 117-531-1025, Ext. 114. 


COMPUTER erase bad credit free in- 
Intly. Details: Gold (PS), 13950 Ventura, 
brman Oaks, CA 91423. 


EMPLOYMENT INFO. 


)VERSEAS . . . $30,000-$75,000 + Free 
port! Employment, Box 19760-FB, Indi- 
ipolis, IN 46219. 


OVERNMENT JOBS $16,040- 
p,230/yr. Now Hiring. Call (1) 805- 


-6000 Ext. R-20025 for current federal | 


ASY Work! Excellent Pay! Assemble 
ducts At Home. Call 504-641-8003 Ext. 


ka 
DO. 


FOREIGN NEWSPAPER 


DRLDWIDE ENGLISH NEWSPA- 
RS MAGAZINES! SAMPLER: 3/$2.49. 
EE BROCHURE. Multinews apers, 
DE-32, Dana Point, California 92629. 


FOR THE HOME 
UY CARPET & VINYL DIRECT. 
ings to 80%. Name brands. Shipped 
ect. FREE QUOTES/SAMPLES. 


SON'S CARPETS, Dalton, GA 30720. 
$00) 235-1079; Georgia (404) 277-2775. 


JOLD identification tags mark important 
ement shutoff valves. $5.95/set. Epco, 
[ 95. Newtonville, MA 02160. 


GOV'T SURPLUS 


RCOTICS SEIZURES... Autos... 
ts... Computers ... Stereos . . . thou- 
is more! BUY DIRECT FROM GOV- 

MENT! “Nationwide Directory” $3.00. 
posal, Box 19107-FB, Washington, DC 

6. 


RUG RAID SEIZURES! Buy dirt 
ap. Cars, houses, boats, computers, furni- 
>, Free Details: Seizures: Box 4309-YG, 
it Covina, CA 91791. 


OVERNMENT SURPLUS EQUIP. 
T HOW TO S3UY HARDWARE, 
trical, boats, aircraft, etc. For bidders 
rmation booklet send $3.00 to: R. 


ay, P.O. Box 368, CoosBay, OR 
20-0041. | 


ATIONAL GOV'T DIRECTORY Buy 
s, Boats, Trucks at Ridiculous Prices. . . 
d $5.95 to... CARELLA, 551 Madison 
, Ste. 104, NY NY 10022. 


GARDENING 


uNKLER STANDS Build High Im- 
Plastic Sprinkler Stands For Less Than 


D. Last Forever. Send $3.00 For Plans To: | 


nkler, 10822 Revels Rd., Howey, FL 
BT. 


DO IT YOURSELF 


ECTRONIC KITS! Tracking Trans- 
rs! Voice Disguisers! FM Bugs! Phone 
ices! Detectors! More! Catalog $1.00: 
DI ELECTRONICS, Box 25647, Tem- 
85285-5641. 


RROWHEAD Making. VHS $29.95 SH 
;)0. Commons, Box 5012-PS. Central 
at, OR 97502. 


AVEILLANCE — COUNTERSUA- 
LLANCE! Guaranteed Lowest Prices! 
re Catalog $5.00 (Refundable). PROTEC- 


t, P.O. Box 520294, Salt Lake City, UT | 


D2. 


5,800 CATALOGS listed. Sources For 
thing! $5.95 Catalogs. Box 92452X, At- 
a „G 303 14. 


SERS, frons $40.00. write MWK In- 
ries, 9852 W. Katella, Suite 340PS, An- 
m, CA 92804, or call 714-956-8497. 


'ECTION-Surveillance, Debugging. 
hs, Kits, Assembled Devices. Latest 
-Tech catalog $5. Detection Systems, 


» E. Thomas, 416-8644, Phoenix, Arizo- | 


5016. 


JARTZ CLOCK MOVEMENTS and 
plies! Low Prices! Yankee Ingenuity, Box 
5. Altus, OK 13522. 


. DON'T THROW AWAY THAT USED 


COPIER OR PRINTER CARTRIDGE! 
Do it yourself REFILL IT eee clubes 
it's easy SAVE OVER 75% . er 
G CARTRIDGE w 


RECYCLERS > A [CANON COPERS | 
MORACK Sian $1 9. 95 


serif ta Order or Information| LASER PRINTERS 
" SB (708) 599-0580 . 
Epam er FAY 708 588.9253 | $29.95 . 


MICRO FM TRANSMITTERS, books on 
building wireless and remote listening de- 
vices, night vision equipment. Catalog 
$2.00. EPSILON CO, P.O. Box 291513, Los 
Angeles, CA 90029. 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! 52: REXCO, BOX 
19250, JEAN, NV 89018. 


ELECTROPLATING textbook. Electro- | 


plate metallics/nonmetallics. $14.95. De- 
tails free. Tropic, X95E, Palm Bay, FL 
32906-0095. 


TELEPHONE LISTENING DEVICE 


Record Telephone conversations in your office oF | 
home Connects between any cassetle or tape | 
recorder and your telephone tine Siarts auto: 


Ses o! conversation Slops recorder when f 
phone hung up 


EACH Oty Gor Au 


| Super Powerful FM TRANSMITTER 
Many limes more powerful than other transmitters 
Transmis up to W mde to amy FM rado -Easy to 
| Assembee Kf - up io W banery (not mci ) 
For caog of Transmeters. Voce Scrambiers and 
gmerspecuty tems. enclose $2 00 to US! Corp 
Cali 407 725-1000 or sand $19.95 + $1.00 
shipping per item to: USI Corp., FO Box 
P$-2052, Melbourne, FL 12902 COD'sOK. | 21%" 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND EMERGY SAVING CATA- 
LOG! 60 pages. Order from one expert 
source. Featuring Sun-Lite* for do-it- 
vourselfers, builders, designers. Americas 
argest energy saving mail order house! 
$1.00 postpaid. Solar Components Corpora- 
tion, t. PS, 121 Valley St., Manchester, 
NH 03103. 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 

| unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 


| away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 
Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3876 


START YOUR OWN SHOP 
| | TAUGHT | Complete neon course with photos 

|| and diagrams. 180 pages. Includes 

d where lo buy materials wholesale 

. in U.S.A. How to eam while you 

leam. How lo sel up your shop. 


een Postpaid, $44.00 (U.S.) Canadian 
$52.00. Visa Okay. Write lor details. 


Peter Horsley Publications 
115 Riverbirch Cres. SE Calgary AB., Canada T2C 3M1 


39,270 CATALOGS DIRECTORY guide. 
Sources for anything! $5.95: Catalogs, Box 
14107 AB, Jackson, MS 39236. 


16,791 CATALOGS Directory Guide. Be- 
low Wholesale Sources For Anything! $5.95. 
IRC, Box 14107 AB, Jackson, MS 39236. 


DIAMOND SAW PLANS. 10 inch 
$24.95. cuts tile, rock, brick. Brochure $1.00. 


Plans, Box 31582, Tucson, Arizona 


85151-1582. 


HOME REPAIR GUIDE $19.55. Roland 
Paris, 117 B Pleasant Street, Cambridge, 
MA 02139, 


NEWHENE | 
LASER TUBES $35 
Dealer Inquiries Invited. 


Free Catalog! 


MEREDITH INSTRUMENTS 
6403 N. 59th Ave. « Glendale, AZ 85301 « (602) 934-9387 
"The Source for Laser Surplus" 


AMAZING HOT AIR ENGINE! 


Hiag? Converted to Mach M oth und 

Tis Unique Engine Runs at 50 to OO RPM and con be 
useg ho Power aq Semi - 
Maechanam Fun fo Bud 
anc Wooten! A wegi igen 
for Hgh Schoo! Scancae 
Facta 
ADCOITIQNAL INFORMATION 
2 UO refundable - 
PLANS A INSTRUCTIONS 975 
send tà SPE, Bor 5652232, Charlotte. NC. 28255 


MAKE SNOWSHOES IN ONE DAY, 
For plans send $3.00 to: Eugene Strickler, 
RD. 3, Box 7892, Jonestown, PA 17038. 


1990 LEATHERCRAFT CATALOG. 
100 pages. Largest selection available of 
enuine leathers, kits, tools, books, supplies. 
ine tooling, utility, garment leathers 
suedes, exotics. Belt, wallet, holster, moc- 
casin kits and more! Low prices, quantity 
discounts. Send $2.00 pstg/hdlg to: Tandy 
Leather Company, Dept. PS290C, P.O. Box 
2934, Ft. Worth, TX 76113. 


ae wer aan 


KITS 


Available 


You Can Build for Under 23 
Vertical Takeot! and Landing 
Hover Flight/ No License Required 
INFORMATION PACK $5.00 
IncHnuadas ppeca peris pria 
Box 391-B 


[9] BW ROTOR CO,INC. Towanda. KS 67144 


Internally modify your phone so when you call that phone 

& send a code - it doesn't rng but monitors room while still 

on the hock! Works narmally all other times. Special pan 

| included with complete deta! plans. All parts available at 
Radio Shack. Send $14.95 to; 

| ' LASHA BOUNCE, INC, 

p 2020 Pennsylvama Ave. NW Suite 802 

ae Wa shington, D c 20006 


PROJECTION TV...Convert your TV to 
project 7 foot pow. . Easy! Results compa- 
rable to $2,500 proj tors..PLANS and 
B' LEMS 324.95... Professional x stems 
available... illustrated Catalog Free.. 
MACROCOMA-AF, Washington crossing, 
Pennsylvania 18977... Creditcard Orders 
24H . (215) 736-3979. 


FIREPLACE Heat Exchanger Plans send 
$3.00 and s.a.s.e. to: R.L. Fay, 712 N. Mt. 
View, Fullerton, CA 92631. 


SURVEILLANCE 
TELEPHONE 
This is a normal functioning 
telephone! EXCEPT it has a 


secret built in monitor 
Only YOU can call and monitor all conversations, using 
a secret code, and never be detected! Range Unlimited 
$175.00 — & month Warranty — Phone Tap Catalog $3.00 
LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401 


1-800-633-TAPS 


LEARN LEVITATION. Mystical secrets 
exposed. Perform. Teach. Confidential re- 
x $3. Innerlight, Box 753P, New 
runswick, NJ 08903. 


TINY 2 WATT TELEVISION TRANS- 
MITTER! Under $100! 2 Mile Range! Com- 
pes Plans, $12.95 Satisfaction Guaranteed. 

UPERCIRCUITS, 1403-B Bayview, Her- 
mosa Beach, CA 90254. 


TEACH YOURSELF to READ with a 
VIDEO! Toll free 1-800-359-RUSH. 


SAVE MONEY! Make Dozens of Useful 
Items COST FREE! Fishing Equipment, 
Toys, Gardening Aids; Made From 
You Throw Out Every Day. Amazing Bock: 
let! $6.00. Makaron, Box 19016, Las Vegas, 
NV 89132. 


SCIENTIFIC & ELECTRONIC 
PRODUCTS 


a. LEVI-LEVITATION DEVICE 


PFS1K-HAND CONTROLLED PLASMA FIRE SABER 
MIG7K-HI FLUX NEGATIVE ION GENERATOR 


; FMVTK-3 MILE FM VOICE TRANSMITTER 

| - PGSK-PLASMA LIGHTNING GLOBE...............$ 
LHCZK-VISIBLE SIMULATED 3 COLOR LASER ..... $44.5 

| G HODIK-HOMING/TRACKING BEEPER TRANSMITTER $44. 5i 
E LGUSK-2 5 MW HAND-HELD VISIBLE LASER GUN. 5249.5 
BTC3K-250,000 VOLT TABLE TOP TESLA COIL . . . . $249.9 
I0G2K-/0N RAY GUN, project energy without wires. $129.9! 

mem TKEIK-TELEKINETIC ENHANCER/ELECTRIC MAN... $79.54 
zEZ VW/PMTK-3 MILE AUTO TELEPHONE TRANSMITTER $49 5i 


e ASSEMBLED IM OUR LABS 

LLI LISTIO-INFINITY XMTR Listen in via phone lines. . $199.51 
v. IPGTO-INVISIBLE PAIN FIELD BLAST WAVE GENERATOR $74 5 
OO mw0-100.000 VOLT INTIMIDATOR UP TO 20' 199 5 
mEm TAT30-AUTOMATIC TELEPHONE RECORDING DEVICE $24 5i 
LLJ PSP40-PHASOR SONIC BLAST WAVE PISTOL ..... 589.5 
QJ DNEI8-ALL NEW 26" VIVID COLORED NEON STICK . $74.5 
C/2 L85U20-.5 TO 1MW VISIBLE RED HeNe LASER GUN $199 5 
WEE BL$10-100.000 WATT BLASTER DEFENSE WAND... $89 5 


EASY ORDERING PROCEDURE - TOLL FREE 1-800-221-1705 
OR 24 HRS ON 1-603-673-4730 
OR FAX IT TO 1-503-672-5406 
VISA, MC. E UD URS, INCLUDE 10% 
SHIPPING. ORDERS $100 00 & UP ONLY ADD $10.00. 
CATALOG $1. do OR FREE WITH ORDER 


INFORMATION UNLIMITED 
P.0. BOX 716. DEPT. PS8 AMHERST. NH 03031 


ON TV with: rm 

Linkletter, Merv Griffin ARTICLE mers Jon, Saran, SPORTS "ARE 
AMERICAN FIELD, TIME MAGAZINE, TV GUIDE, HUNTIN 
BUG NN SIET DNE e en Sae 
A science engineering breakthrough! A set of unic 
dog-sound makers that condition dogs incredi 

fast. Small. Used from the palm of the hand. Nei 
hypnotic control, even at a distance. No leas 
needed. Novices become experts. This ne 
discovery is a learning-sound catalyst that teache 
direct to the dog's mind. Renders bodily paintrainir 
obsolete. Safer. Kind. Yet, more I! Dog 
simply don't fight it. Tunes dogs in, makes them wai 
to please you. Unequaled loyalty-bonding. Sarr 
instruments and system (the Dr. Miller patent 
dispensed as ha veterinarians for dog behavior. No 
thousands tisfied users in U.S. & foreign land 


From $25 to $175 7% IEE catalo 
DOG-MASTER SYSTEMS 


420 Wilshire, Box 1250. Agoura Hills, CA 9132 
A Division of Environmental Reasearch Laba Copyright * 19 


CABLE EQUIP. 


CABLE T.V. CONVERTERS Jerrolc 
Oak, Scientific Atlantic, Zenith, & man 
others. "New" MTS stereo add-on: mute 4 
volume. Ideal for 400 & 450 owner: 
1-800-826-7623. B&B INC. 4030 Beau 
D-Rue Drive, Eagan, MN 55122. 


CABLE TV CONVERTERS 


Why Pay a High Monthly Fee? 


Jerrold, Oak, Hamlin, Scientific Atlanta, Zenith, and more! 
| 60 day warranty. Shipment within 24 hrs. For fast serv- 
ice MC/VISA C O D Telephone orders accepted. Ewe- 
| ning hrs. aisa.(708) 438-4056 Stamped Envelope (506) 


| postage for FREE catalog. No. Ill orders 
L & L ELECTRONICS 

| 1430 Miner St., Suite 522 
Des Plaines, mi. 60016 
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CABLE EQUIP. (Conti 


CABLE TV SECRETS—the outlaw pub- 
lication the cable companies tried to ban. 
HBO, Movie Channel, Showtime De- 
scramblers, Converters, etc. Suppliers list 
included $8.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


CABLE TV BOXES. W : sell only the best 
low prices, we ship COD. Free Brochure. Ace 


ucts, P.O. Box 582, Dept. S., Saco, ME | 


04072, 1-BOO- 234-0726. 


PREVENT DESCRAMBLER DETEC- 
TION? Install “TECH-BLOCK" Today' 
$19.95 P.P.D. The Stage Door Video, P.O, Box 
518, Belleview, FL 32620: 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls— Accessories 
* (Guaranteed Best Prices * 
* 1 Year Warranty—C.O.D.'s * 


* Immediate Shipping * 
* FREE CATALOG x 
Call or Write 
TRANS-WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 
M Miami Florida 33186 


LM 1-800-442-9333 
== 77 SO 


CABLE TV CONVERTERS BARGAIN 


HEADQUARTERS: OAK, JERROLD, 
TOCOM, ZENITH, HAMLIN, SCIEN- 
TIFIC ATLANTA, VISA M/C COD, OR- 


DER YOURS TODAY. 800-327-8544. 


CABLE RENTERS 
STOP! 


If you are currently renting your cable equip- 

ment it's time to look into owning your own. 

You can save up to $100 plus every year. We 

carry all the major brands of Converters. 

Remote controls and Descramblers. 

JERROLD, OAK, EAGLE, HAMLIN, 

ZEANITH SCIENTIFIC ATLANTA 

Many more. Fast courteous service. 

Call today 512-250-8816 or write for 
your free catalog. 

Order 


Toll Free 1 -800-228- 1404 


Nu-Tek Electronics 5114 Balcones Woods dr. 
Austin, Tx78759 


Suite #307 Dept. 298P 


CLASSIC CARS 


BATTERY MASTER SWITCH 


Patent Pending 


Can fit post, 
lug or side ter- 
minal batteries 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 


BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 
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tach uate of 


ads for dd cars, parts, 


Services, Supplies more. 
Special Int tory Offer: 
NINE GIANT ISSUES 


(95 Pinca) 7 
CARE MB 3 7 


Box 100, Dept. 0217, Bennington, Vermont 05201 


FOR INVENTORS 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day —USA/ 
Canada 


FREE help for inventors! No charge for 
rotection forms or consultation. Affiliated 
nventors Foundation, 2132-I Bijou, Colora- 

do Springs, CO 80909, or Toll Free 
1-800- 525. 5885. 


INVENTORS! Confused? Need Hege | 
ri 


Call IMPAC for free information package. 
U.S.Canada 1-800-225-5800 


PATENT AND DEVELOP Your [nven- | 


tion. Registered Patent Agent and Licensed 


Professional Engineer. Send for FREE PAT- | 


ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 


Drive, Suite-N, Dix Hills, NY 11746. (516) 


499-4343. 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850, 1-800- 
748-6216. 


PATENTS. Scott Ramsey, 5253 Even Star 
Place, Columbia, MD 21044. 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED PAT- 
ENT SERVICES, Washington, DC, 
800-458-0352. 


REGISTERED PATENT ATTORNEY 
1-800-876-6670 PATENT SEARCHES, 
FREE INFORMATION. 


INVENTORS! Can you patent and profit 


from your idea? Call or write for your free | 
information package. Over a decade of ser- | 


vice. AMERICAN INVENTORS CORPO- 


RATION, 82 Broad Street, Dept. PS, West- | 


field, Massachusetts 01086. 1-800-338-5656. 
In Canada call (413) 568-3753. 


DEAL DIRECT MT FA 


| REGISTERED PATENT ATTORNEY | 


€z2HL 1217. 01 E- ENGINEER 


Gb YEARS OF EXPERIENCE 
U.S. & INTERNATIONAL PATENTS 


Patent and develop your idea with the 


experience of an expert. Call or write for free 


confidential advice, information packet and 


| forms for confidential disclosure and record of 
invention. 
Overseas production, protot ypes 


and research readily availa 


| [ INTRODUCTION TO INDUSTRY & MARKETING PLANS 


Also specializing in 
copyrights and trademarks 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 


| MICHAEL I. KROLL 


REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 26,755 
izi STILLWELL LANE, SYOSSET, NY II79l 


EDISON type laboratory, needs Inven- 
tors. Especially energy systems designers. 
1-314-435-9290. 


INVENTORS: Free information on offer- 
ing your invention for sale. Kessler Sales 
Corporation, C-7-FI, Fremont, OH 43420. 


INVENTORS—Need Prototype INJEC- 
TION MOLD Ür Custom PLASTIC 
PARTS 1-616-323-1225 For Information Or 
Quote. 


FEBRUARY 1990 


HELP WANTED 
EARN MONEY Reading books! $30,000/ 
vr income potential. Details, (1) 805- 
687-6000 Ext. Y-20025. 
HAIR CARE 


MEN'S Hairpieces—Free Catalog! TLD., 


2415 Main #209-PS, Stratford, CT 06497. 


MINOXIDIL. Tretinoin (RetinOA). Grows 
Hair 4 months. Box 1213, Makati 1299, 


Philippines. 


HOBBIES/COLLECTIONS 


MILITARY Medals Catalogue $1.00. ' 


Yearly subscription $8.00. S. Vernon, Box 


1560PS, Wildomar, CA 92395. 
HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, 


door harps, dollhouses, clocks, music boxes, 
weather instruments, crafts, furniture with 


our plans, parts, kits, supplies—Catalog 


$1.00—(614) 484-4363—Cherry Tree Toys, 
Belmont, Ohio 43718-0369. 


"GETTING STARTED WITH PVC 


PIPE FURNITURE.” CASUAL, Box 208-P, 
Tewksbury, MA 01876. 


CLOCK movements, components, plans, 
xy, foil and art prints, door harp supplies, 
ker pegs, touch tones, Bible clocks, vid- 

eos, transfer art, stencils—over 1200 items! 
Wholesale catalog $3.00 (credited) Steebar, 


PO. Box 463-S, Andover, NJ 07821-0463. 
NEW! BUILD AMAZING LIQUID PIS- | 


TON ENGINE from pipe fittings. Easy 
Plans. Free information. ABCO, Box 306-S2, 
Seminary, MS 39479. 


THE ORIGINAL FLYING WING! | 


Australian Boomerangs! Better than fris- 
bee. Plans'Instructions $3.00. W. Torbert, 
PO. Box 3000, Manassas, VA 22110. 


NEW REPORT! "How We Easily Get 
Lumber For Projects, Dirt Cheap—Usually 
Free" Pine to Oak, Common Sizes. $4.00, 
Sase. Milworth, R-1 Box 266SB, Borden, IN 
47106. 


EASY—Build a hydraulic resistance 
stepping machine for under fifty dollars—no 
special tools—UNSURPASSED cardio- 
vascular exercize—COMPLETE plans 
$10—GW Engineering, Box 1143, Dept. 
510B, Manhattan, KS 66502-0011. 


WOODWORKERS List of Used Wood- 
working Machinery. $6.50. Quality Saw, 


1350 Old Forest Rd., Corydon, IN 47112. 


HOME HEATING 


Multi-Fuel Furnace 
Chop Heating Bills To 
Almost Nothing! _ 


Enjoy independence. 
economy & comfort of 
whole house wood heat 

with gas. oil or electric 
standby. It's a central 

heating system. not a 

stove. Send For Free Catalog 


| Yukon Energy Corporation, Dept. PS-1 
| 378 W. County Rd. D St. Paul. MN 55112 


| Name | 

Address | 

| City State —— | 

[ Apo — Phone | PES EE | 

Lu LÁ a e e — — —— o LÀ — | 
HOVERCRAFT 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
Documentary Film, "Force Beyond" Powered 
By Ordinary Lawn Mower Engine. Com- 
plete Plans, Supply Sources and Photo Re- 
view $10.00 (24 I 
Bartlett, PO. Box 156-5, Silverdale, 
98383. 


HOVERCRAFT Plans, 3 to 160 Hp Infor- 


mation $4.00 (refundable). Sevtec, Box 846, 
Monroe, WA 98272. 


HOVERCRAFT Plans, Parts, Catalog 
$1.00. Universal Hovercraft, Box 281, Cor- 


dova, IL 61242. 
HYPNOTISM 


—— € oÓ€ PrÓ——UsÁÓ——á 
FREE Hypnotism. Sleep Learning Pub- 
lication. DLP, Box 487, Anaheim, CA 92815. 


our Return). Send To: Herb 
WA | 


FREE Hypnotism, Self-Hypnosis, SI 
Learning Catalog! Drawer P5400, Ruid 
NM 88345. 


HYPNOTIZE Women! Gentlem 
Neighbors! Even Perfect Strangers! Pro 
sional Secrets Revealed! Instantane 
Methods! Clairvoyant Hypnotizing! S 
nambulism! Dynamic Salesmanship! l 
cover Strange Magnetic Influence! Amaz 
Personality Improvement! Hypnotize Ye 
self! Powerful Methods! Free Cassette C; 
log: paa: Eox 1085, Black Mountain, 
28711. 


6,163 HYPNOTISM Sources/Catal 
For Everything! $5.00. Directory, ] 
14107H, Jackson, MS 39236 


HUNTING & FISHING INFO 


BEEMAN SUPER POWER ADL 
AIRGUNS. Fine firearms, guaranteed | 
prices for the very finest. Unexcelled 
yes, but more importantly; alode 
racy, trigger action, durability, owner: 
pride. Largest U.S. sales 108 page free . 

n Guide/Firearm Information. Add 
or fast mail. Beeman, 3440-PSC Aim 
Santa Rosa, Calif. 95403, (707) 578-7 
(24 hours). 


INVENTIONS WANTED 


A NEW IDEA? Call National Idea Cer 
of Washington .C. free inf 
1-800-247-6600 Ext. 117. Come see The 
vention Store!! 


WE INVEST in marketable new id 
No cost to inventor. Concept Funding (: 
876-4519. 


LEARN how to offer your invention 
sale or license. Free booklet outlines : 
cedures, royalty rates, requirements, K 


ler Sales Corporation, C-7-IW, Frem 
Ohio 43420. — E 
JOKES & NOVELTIES ` 


FREE Catalog! ae you never k 


existed! 1600 Novelties 
bies, S 


okes, Science, e 
denton, 


rises. Johnson-Smith, F-03 
FL 34206-5500. 


JEWELRY 


CLOSEOUT Jewelry. 55e dozen (Cai 
.25¢). Roussels, 107-1635 Dow, Arling 
MA 02174-7199. 7 


LOANS BY MAIL 


CASH 24—45 Hours! Fast Approval! 
types of loans. Car, Home, Business, 
days. PFS, 210 Fifth Ave., Dept. 1102, 


NY 10010. 


CASH GRANTS AVAILABLE 1i 
foundations! Never Repay! 401 sou 
applications instructions— $3] 
Fundsearch, Box 19107-FB, Washingto 
20036. 


BORROW BY MAIL Get $500-375 
Quickly. Nearly everyone qualifies! Req 
Free Er MJS Industry, Box 
Bronx, NY 10461-0531. 


BORROW $50,000 “FAST” Any Purp 
Guaranteed. Capital, Box 561359-PS, C 
lotte, NC 28256. 

FREE MONEY! $300,000,000 GI 


AWAY. Grants. Never repay. Details $: 
Jakla, Box 3066-PS20, Seminole, FL 34 


BORROW $500-$100,000! “Immedia 
On signature. KEEP FOREVER! Credit 
Box 1621, Spring, TX 77383. 


BORROW any amount! Get Visa/ 
Card! Instant reply! Sunrise, Box 42P, B 
page, NY 11714-0042/(516) 349-1649. 


IMMEDIATE Loans to deserving i ind 
uals refused elsewhere. Many plans i ing 
ed. Try us! Associates P3, Box 9008, 
win, NY 11510-9008. 


BORROW $500-$40,000! “Overn 
On Signature. Keep Indefinitely! A 
Box 5499-Y, Diamond Bar, CA 91765. 


UNSECURED CASH LOANS! | 
Mastercards plus more! Fast, easy pr 
method. Any amount, purpose. E- pay 
plan! Credit, no problem. Call 24 hrs: | 
640-1044; MoneyExpress, 4521 Can 
#286R, Irvine, CA 92715. 


ARAB BUSINESSMEN have mon 
buy/invest. Top finders fees paid. IM 
0290/PSL Box 3574, Newport Beach 
92663. (714) 722-9260. 


|— LOANS BY MAIL (Cond 


"ASH HOTLINE $500—$100,000 On Sig- 
ure. "Overnight" 989 Eligible! Fast Ap- 
wal! 813-947-6841. 


MSA! MASTEACARD! Despite Past 
dit Experience! Apply Toll-Free: 1-800- 


8-8851, Extension 26. Issuer New Era | 


nk, Somerset, NJ. 


IORROW $60,000 “Overnig ht” Any pur. 
e! Keep indefinitely! etails! 

rtin, Box 1593-SP. i Bein Harbor, FL 
p95. 


100,000 line credit without investiga- 
! Private Swiss bank account! Other fi- 
hcial benefits! Free valuable re 

C PS-2, Box 5399, Torrance, CA 90503. 


„000 CREDIT! No credit check! No In- 
tion. Actual credit! (813) 791-8550. 


ROW $500-$40, 000! “On Signature” 
Furpose! 97% Eligible! Free A pia 

National, Box 7627-K, fone Beach 
90807. 


UICK Loans, Credit Cards Issued Na- 
wide! Guaranteed! Empire, 1800 S. Ro- 
n #931-M, Los Angeles, CA 90035. 


al. Unemployed, bad credit welcome. 
ils: (719) 634.0490. (24 hours). 


MAGIC TRICK 


REE Catalog. Tricks, Puzzles, Jokes. 
M Wonders, Dept. PS-290, Oakdale, 


ROFESSIONAL MAGIC! Huge Cata- 
over 1,000 Tricks and Books. $4.50. 
ik Lees Magir Factory, Dept. PS2, 125 
oln Street, Boston, MA 02111. 


MONEYMAKING OPPORT. 


ASY Work! Excellent Pay! Assemble 
lucts At Home. Call 504-649-0670 Ext. 


LLIONS IN UNCLAIMED FUNDS! 
iplete Directory $5.00. TEP, Box 1035, 
port News, VA 23601. 


VE FORTUNE! Car insurance SE- 
ETS your agent never told! 
RANTEED! E details. Eagle, Box 
PS2, Fairview, TN 37062. 


MPERSTICKER PRINTER. Cheap, 
ble, portable. Free details. Suipear, PO. 
22791, (LLD), Tampa, FL 3362: 


COME DISCOVERY! Famous Ph.D 
tist reveals high-income discoveries 
pne can use to achieve wealth. Free 
s: G. Samuel Murphy Associates, 310 
minister Rd., West Palm Beach, FL 
)5 
COME OPPORTUNITY Earn up to 
000 A year guaranteed plus opportunity 
»quire Real Estate and other benefits 
ing only part-time. Serious inquiries 
P e Send $1.00 or Lsase to: ILN, Box 
Washington DC 20030-1233. 


ANO TUNING VIDEO COURSE 
s. Follow-along tuning, regulating, voic- 


Chord, Diploma. Free details, PO. Box 


|, Duluth GA 30136. 


TAY HOME and make money. Call 
273-6194 for 24 hr. recorded message, 
t MI. 


ala rap o WAY TO $500 A 

Sase n Enterprises, 

Box 3202, Dept ‘pg 490 
8-3202, 


ENERATE CASH, INCOME, SECU- 

. Same way entrepreneurs do. $ Thou- 
s per jam Financial independence 
$4.98 & sase. TTMAR Printers, Box 
2, Phoenix, AZ 85005-8142. 


MUSICAL INSTR. 


TERNATIONAL VIOLIN COMPA- 
onewood, tools, varnishes, parts, acces- 

5, strings, cases, instruments, bows. Vi- 
Rs kits. Catalog $1.00. Dept. PS, 


Belvedere Ave., Baltimore, MD | 


- OF INTEREST TO ALL 


PLD CREDIT CARD GUARANTEED 
ROVAL. NO BANK DEPOSIT NEC- 
ARY. CATALOG SHOPPING USA 
D CARD 1-800-888-7774 


port! | 


ZY LOANS $500-350,000 Fast Ap- | 


Visalia, CA | 


COLLEGE MONEY $4,000,000,000 


Available. Free Scholarships Grants Details 


$1.00. FACT, P.O. BOX 413, FORDS, NJ | 


08863-0413. 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of "The Psychology of Purity & Chas- 
tity” to: Schizophrenics Internation- 
al, P.O. Box 50456, Ft. Worth, TX 
76105 


HOW RECEIVE (WHATEVER) PROP. 


ERLY REQUESTED. $2.00 (STAMPED 
ENVELOPE). A'NARDO, BOX 180343, 
DALLAS, TX 75218. 


BE PROSPEROUS AND SERENME. 
RH the religion of the mother. Box 1502-P. 
rn, NC 28560. 


HEARING AIDS 


‘ENJOY HEARING 


All-in-the ear Hearing Aid! 
Nothing over, under or behind 
the ear. . . no cords, tubes or 
wires. Simple slip-in fit. Full 
range volume control. 45 da 
trial. NO salesman will call. 
Order your free catalog! Write 
Rhodes Hearing today 


or call 24 hrs./ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12B Brookport, IL 62910 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 


ng 
61104. Call 1-800-323-1212 Toll Free. 


E 


HEARING AIDS 
PRICE CATALOG, FREE! 
fl SUPER SAVINGS! Newest. Finest. All 
fi types. Buy DIRECT & save up to HALF! 


No salesmen. Sold by AIR MAIL on HOME 
§ TRIAL. FREE Catalog. Write: 


E MONEYSAVERS. 
i Geor eda, Cal. 91343 


9530 Langdon Ave., 


MISCELLANEOUS 


IBM Assembly Language $5 Book $15. 
Zipfast, Box 12238, Lexington, KY 
40581-2238. 


CUPRAN: Special Hand Cleaner 


This incredibly pawerful mdustrial strength hand 
cleaner is now available to the public! In addition ta 
dirt, ail, and grease; concentrated CUPRAN" 
Special with plastic scrubbers safely and effec- 
Lively removes paint. ink, resins, glues. etc., yet 


its special conditioning agent leaves hands feeling | 
soft and smelling fresh. 250 ml tubes: $6.95 ea. 


Add $1.95 for shipping. NC orders add 596 tax. 
Qty. discounts & 2000 ml size available. Send ta: 
All Pro Products, P.O. Box 3187 
Charlotte, NC 28298. 704-334-8285 


RUSTIC WOODEN SHINGLES create 
did on distinctive roof by hand riving 
les $10.00. Virginia Jacks, PO. Box 


ri ishersville, VA 2 22939- 0123. 
SLOT MACHINES all t E. GTE. 
1545 Rt. 37 West Unit 14, m River, NJ 


08755. 
PLAY PIANO, VIDEO COURSE. Free 
details. P.O. Box 1561, Duluth, GA 30136. 
TELEPHONE EATING YOUR MON- 
EY? Allow, deny any call. 24 Hour recording 
1-800-373-3330 Extension 4. 


rKITES 


KITES 


KITE PLANS—Build Six different, in- 
cluding stunt. $2.95. Alabec Co., 5642 106th, 
Clear Lake, MN 55319. 


i FREE COLOR CATALOG 
Choose from over 100 kites. 

g Many unusual & innovative designs. 

i Call or write for your catalog today! 
Into The Wind - (303) 449-5356 li 


1408-P Pearl! $t., Boulder, CO 80302 
L8 8 118 — 8 — 383 £M É JW i 


MAILING LIST 


NEW NAMES DAILY! IMMEDIATE 


SHIPMENT! Guaranteed Opportunity | 


Seekers. Adhesive labels. 200/$8; 500/$11; 
1 .000/$18; 2.000/$29: 5,000/$59 QUALITY 
LISTS, Box 1305-CW, Seaford, NY 11783. 
VISA/MC/COD, 800-356-6392. 


FIRST ORDER, “TRIPLED FREE"! Op- 


portun seekers! Computerized, adhesive 


bels. 200/$8; 500/$14; 1,000/$25; 
2.000/$39: 5,000/$75; 10,000/$139. LIST- 
MASTERS, Box 750-WK. Wantagh, NY 
11793. Visa/MC/COD call 800-356-8664. 


NEW ACTIVE NAMES!! 
MIXED STATES! IMMEDIATE SHIP- 
MENT! Adhesive Labels-Hot Line Oppor- 
tunity Seekers, 200/$10.00; 500/$15.00 
1000/$25.00. Others. Advon Drawer B6, 
Shelley, ID 83274, Visa/MC/AmEx. 
1-800-992-3866. 


RESULTS! Guaranteed! Opportunity 
Seekers On P/S Labels. 200/$8; 500/$12-: 
1000/$20. Immediate Shipment! Compulist, 
Box 1476-P, Aliquippa, PA 15001. 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old old business. Es- 
i rold, Silver, Plat- 


PATCHES/DECALS/BADGES 


U.S. MILITARY INSIGNIA: Catalo 
$2.00. Saunders, Box 3133-PS, Naples, F 
33939-3133. 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014. (212) 929-2293. 


PERSONAL 


HERBS—YOHIMBINE, PAU D'Arco, 
and others. Catalog $1.00 (refundable). Jude 
Perba, Box 563PS, Huntington Station, NY 
11746. 


NOVICE Greyhound Bettors, $27,500.00 
my first trip to WOODLANDS TRACK. My 
method, $8.00, No checks. NGB, Box 33, 
Leavenworth, Kansas 66048. 


COLLEGE DEGREES, Hi 


School Di- 


Ext. 100 (24Hrs.). 
PLASTIOS 


atalog 
"PS Box 391, 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56P8, 
Commack, NY 11725. 


REAL ESTATE 


ABANDONED PROPERTY! Informa- 
tion $1.00. Ridgehaven, P.O. Box 849-PS, 
Glenellen, CA 95442. 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


HOMEOWNERS you're bein robbed. 
Find out how. Call 609-835-2324. Message. 


POPULAR SCIENCE 


NORTHERN IDAHO. 5-10-20 ACRES 
Beautiful Northwest forest and lake coun 
try. Hunting, fishing, recreation, retire 
ment. Hundreds of parcels. Easy terms 
FREE brochure. NATIONAL ASSOCI 
ATED PROPERTIES, 1111-PC Sherman 
Coeur d'Alene, ID 83814. (208) 664-8161. 


CALIFORNIA. Acreage. Lots. $40 down 
$40 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


GOVERNMENT HOMES from $1 (U re 
pair). Delinquent tax property. Reposses 
sions. Call 805- 687-6000 Ext. H-20025 for 


current repo list. 


Trees, Creeks and Wildlife, 20 QUALITY acres 
(and up). close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing. Guaranteed Ac- 
cess. Warranty Deed, Insured Title. Free Brochure. 


Rocky Mountain Timberlands 
333 Haggerty Lane @ Dept. PS. P.O. Box 1153 
Bozeman, MT 59771-1153 @ (406) 586-8088 


Call Toll Free: 1-800-735-6484 


WHY Rent? Homes for $1.00, Repos. Gov’, 
give away programs! For informatior 
1-312-742-1142 Ext. R-162A. 


FLORIDA'S WEST COAST. Lots $4,00( 
up. Map Brochure. Englewood Realty 
1-800-842-1962. 


BUY BANK REPOS Simple To Use 
Manual Tells How. Send $8.95 to M.A.F. 
6932 Westminster Blvd. #150, Westminster 
CA 92683. 


RUBBER STAMP. 


Order "CUSTOM MADE" 


RUBBER STAMPS 


Great 


o" UP TO 4 LINES only Y 
(Max.30 letters per line) 


INK PADS only $1.95 ea. 
jSpecity Color Black, Blue. Red. Green 
Add 25€ per item for postage 
SATISFACTION GUARANTEED 
FAST SERVICE- Your Order Shipped in 5 days! 


Systems 

Plus upgrades for present owners: 

, Receivers, IRD's, movers, LNAS, 

LNB's. Feeds. 6' to 16 dishes & 

Ku equipment 

Names Like — 

Chaparral, Uniden, Drake, 

Houston, Channel Master, etc. 

800-334-6455 

, SKYVISION INC.* 
2026 COLLEGE WAY 

FERGUS FALLS, MN 56537 


"INSTALL OR UPDATE YOURSELF 


VIDEOCIPHER Build your own low cost 
Videocipher IL Operate without subscrip- 
tion. Kit includes simple step by step in- 
structions. Parts list and circuit board. Only 
$55.00 U.S. Check, M.Q. to: CA Comeau, Box 
1327A, Halifax N. S., Canada B3K 5H4. 


FREE Catalog 36 Pa Major Brands. 


Nobody undersells W ST — Since 1977. 


(800) 222-9064. 


SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $2.00. 
Jansen Electronics, P.O. Box 25161, Seattle, 
WA 98125. 


VIDEOCIPHER al SCHEMATICS 
Complete Set (Audio & Video Parts List) 
$14.95. The Stage Door Video, P.O. Box 518, 
Belleview, FL 32620. 


VIDEOCIPHER Decoders, Catalog $4.00. 
Skywatch-PS, 238 Davenport, Toronto, Can- 
ada M5R 1J6. 


SCIENCE & CHEMISTRY 


ANATOMICAL Products Catalog 240 
Pages $2.00. ACC, 8221 Kimball, Skokie, IL 
60076. 
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SCIENCE & CHEM (Con't) 


225 PAGES: 1988 Glassware, chemicals, 


p s ment Nc experiments. DINO- 

harts! Most comprehensive cat- 

X ede Hane y anyone in this column. Estab- 

pated 1970. $3.00S) REFUNDABLE. 

Analytical Scientific, 11049 Bandera San 
Seen TX 78250. (512) 684-7373 VISA. 


1989 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth & Science, Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Buffalo Rd., Rochester, NY 14624 


CHEMICALS AND LAB EQUIPMENT 


Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Micro- 
scopes available. Send $5.00 for catalogue. 
CA 92670. 1060-C Ortega Way, Placentia, 


“EXPERIMENTERS” LABORATORY 
CHEMICALS—GLASSWARE. Catalogue 
$1.50. Established 1953 Hagenow Laborato- 
ries, 1302 Washington, Manitowoc, Wiscon- 
sin 54220. 


FOX Scientific Laboratory Supplies And 


Chemicals. $2.00. 4571 S Westmoreland, 
Dallas, TX 75237. 


SATURDAY SCIENTISTS—NEWS- 


LETTER, CATALOG $.50. SANTA BAR- 
BARA SCIENCE, PO. BOX 41960, SANTA 
BARBARA, CA 93140. 


THE FINEST EDUCATIONAL MATE- 


RIAL "TRAVELING WAVES" for high 
school, college students and teachers. $5.00 
set. Liquidfire, 1210 Placita de Graciela, 
Tucson, Arizona 85718. 


STAMP COLLECTING 


s0 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734. Mans- 


field, OH 44907. 


FREE, U.S. Mint Set. 


rovals. 
Hildebrand, Box 4867, Santa Appro CA 
95054. 


1,000 STAMPS, $2.95. Guaranteed 


over $30. at standard catalog prices! 
Money back if not delighted. Approvals. 
Kenmore OM-088, Milford, NH 03055. 


FREE! us ier Collection With Approv- 


FREE! Mystery Selection With Approv- 
n. Ls 5023 Madison, Spokane, WA 


UNITED NATIONS 3 Mint Sets, 25e. 
SRM SM POB 1509-P, Lake Placid, Florida 
33852 


DISCOUNT Stamps, 
Free List. IVA, Box 197- 
93232. 


PENNY Stamp Pi see Regardless 
Catalog, C. Kloster, 4164 52nd St., San Di- 
ego, C 92105. 


FREE! Gold Silver Stamps Aprovals. 
Delor, 21127 Fleetwood, Harper Woods, 
MI 48225. 


uest Countries, 
. Hanford, CA 


FREE! Big Catalog—New edition listing 
thousands ins on Worldwide stam 
packets, albums, and accessories. FREE 
when ed ieeune eban on approval. Buy 
what you like. Return balance. Jamestown 
Stamp onpa Dept E20P5, Jamestown, 

147 


250 DIFFERENT worldwide $1.00 with 
appris ANP, Box 160630, Cupertino, CA 
16. 


TREASURE FINDERS 


FIND Old Coins, Jewelry, Gold Nu ets, 
New Patented Revolutionary Device. 
Catalog. Gardiner Electronics, 3131L "N 
35th Ave., Suite K, Phoenix, AZ 85017 


GOLD: Sluice Box Constant Water Sup 
BX 954 cans ^ 00. Gold, Box 3058, Clearwater, 


BURIED TREASURE 


with Ultra Sensitive DIRECTIONAL-Locator 


l SEND FOR 
FREE INFORMATIVE BROCHURE 
RESEARCH PRODUCTS 

BOX 270270-H TAMPA, FLORIDA 313688 


TOOLS & MACH 


SMALL FOUNDRY Furnace Supplies. 


Free Literature. Pyramid Products, Dept. M, 


3736 South 7th Avenue, Phoenix, AZ 85041. 


“SHARPENERS REPORT" Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company, 
PEN PS-2, PO 22559, Minneapolis, MN 


4" METAL Cutting Lathe $114.25. Taig, | 


15048 Proctor, Industry, CA 91746. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


anit RÀ 
Box 536-PS TUER wv 25526 304-562-3538 

Unimai * Compact + Marimar * Myford * Sherline + Ailes + Jet 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 


BOLTS, SCREWS, TOOLS, WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


LATHES 
‘STARTING AT $320 
‘Mills -Metals «Books 
-Precision Instruments 


Catalog $2.00 
(1000's of items) 
5131-222-H582 


CAMPBELL TOOLS COMPANY | 
2100P Selma Road, Springfield, Ohio 45505 


TOBACCO, PIPES, CIGARS 


TOBACCO! Chewing—Smoking Sam- 
pler. Write, Fred Sod. nc., Dresden, Ten- 
nessee 38295 


SPECIAL SERVICES 


INFORMATION On An 
Research Specialists. 60-1 
nue, Woodside, NY 11377. 


Big found for ee We iy 
u. $2.00 forms 
ü "Mitchellville, TN IN P7118. 19. 


SONG WRITER 


POEMS—SONGS WANTED. F 
s Eases romos, Broadway Mu 
Box 743 Sarasota, FL 33578. 


dV 


MICROWAVE TV RECEIVERS 
1.9 to 2.7 GHz 


Ql BOX 3457? | 
DUE Ad 05087 go 
mia videa pred 
VISA/MC/COD ‘QUANTITY DIBCOUNTE — LIFETIME WARNE 
RENTAL MOVIE STABILIZI 


Connect between VCRs or to moni 
$69.95. 1-800-367-7909. 


WINEMAKING 


WINEMAKERS-BEERMAKERS- ' 
Free Illustrated Catalog-Fast Servi 
Large Selection-Visa/Mastercard-(£ 
254-0242 KRAUS, Box 7850-N, Indey 
dence, Missouri 64053. 


FREE BEERMAKING BOOK C 
LOG. FINEST INGREDIENTS, 
SERVICE. MAKE RICH BEER Wi 
OUT ADDITIVES OR PRESE 
TIVES. (919) 929-4277 SPI, BOX 
CHAPEL HILL, NORTH CARC 
27514. 


WINEMAKER-—BEERMAKER: I 
Illustrated catalog of supplies. en 
Box 11476H, Minneapolis, MN 55411. 


FREE CATALOG! GREAT PRIC 


WATER PURIFICATION 
2ME | ! Home Di 
DIETITAENON.—: watara Horee Dir 


NATURIST Videos, $2.00, Sase. PS, Box | WATERWISE, Box 45981, Center Hill, FL 


als. Jay, Box /50128, Petaluma, CA 94975. | 9296, Newark, DE 19714-9296. 33514-0459. BREWERS SUPPLY 1-900-78€ 
---------------- ir i LA LLLLL1L— 
cssc POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART = 


$10.50 PER WORD 
10 word minimum 


BOLD FACE CAPS 
add $1.00 a word 


WORD COUNT: Each word or initial in name and address must be counted as a word: John E. Jones, 345 East Mail 
St., counts as SEVEN words. P.O. Box 3 counts as THREE words. City, standard 2-letter state abbreviation and zig 
code together count as TWO words. 


DEADLINE FOR ADS: See head of classified section. 


TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 


[] Remittance of $ is enclosed to cover insertion(s) in the issue(s). 
[] CHARGE to: _ Exp. Date 
Please Use This Heading For My Ad: 
1 ES 2 3 - 4 
5 8 7 j 8 
9 10 11 12 
13 . 14 15 16 
7 18 19 m 
YOUR NAME —— i —————————— PHONE " 
FIRM | 
ADDRESS. = 
CITY STATE ZIP 
DATE _ YOUR SIGNATURE 
L (PLEASE PRINT OR TYPE COPY è FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET PS 2/ 
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Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


201 Thousands of Items American Design 
Components offers a catalog full of electronic 
and electromechanical components, plus a 
line of computer parts and peripherals. It's 
designed with the tinkerer, hobbyist, techni- 
cian, and engineer in mind. Free 


202 Anatomical Products Anatomical Chart 
Co.'s 240-page brochure contains the world's 
largest collection of innovative and educational 
products on health, anatomy, and science- 
related topics. $1 


203 Outdoor Storage Literature from Arrow 
Group Industries describes the latest in out- 
door storage. Featured are steel and wood de- 
signs as well as children’s playhouses. Also 
included are helpful planning, purchasing, 
and creative storage-usage tips. $1 


204 Radar Detection A Bel-Tronics brochure 
explains Ka Band photo radar equipment. 
Some of the questions addressed: Is photo 
radar legal? Is photo radar the only type of 
equipment that can be used at Ka Band? 
Free | 


205 Wallpaper Stripping A detailed guide 
from Black & Decker offers step-by-step in- 
structions on how to use its Steamworks Wall- 
paper Stripper. Steamworks is also useful in 
performing light household chores. Free 


206 Redwood Paneling The California Red- 
wood Association offers a do-it-yourselfer's 
guide to interior paneling with redwood, 
including room preparation and finishing 
touches. 50¢ 


207 Personal-Computer Tips 
color brochure, CompuServ describes how to 
obtain access to America's largest informa- 
tion service. Its data banks include an ency- 
clopedia, news wires, and financial informa- 
tion. Free 


In its detailed. 


208 Energy-Efficient Heating The ‘Heat 
Pump Reliability” brochure from Edison Elec- 
tric Institute describes the results of in-depth 
surveys of heat-pump owners and heat-pump 
maintenance records. Free 


209 Hobbyist Catalog Edmund Scientific's 
80-page catalog contains over 1,200 prod- 
ucts, including telescopes, magnets, weather 
instruments, high-tech toys, fiber optics, and 
ideas for science-fair projects. Free 


210 Luxury Dream Homes A book from 
Home Planners contains over 150 of the best 
luxury home plans from seven of the top de- 
signers and architects in the United States. 
Plans range in size from 3,000 to 8,200 
square feet and feature all styles of homes 
from stately Tudors to ultra-contemporaries. 
Blueprints are also available. $12.95 


211 Car Speakers A brochure from Jensen 
describes its full line of high-power and broad- 
range car speakers. Also featured are Jensen 
Car receivers, equipped with extras such as a 
pull-out chassis and CD inputs. Free 


212 Unusual Items The ‘Things You Never 
Knew Existed" catalog from Johnson Smith 
Co. contains over 1,800 hard-to-find novelties, 
hobby and sports equipment, scientific and 
electronic items, and gag gifts. Free 


213 Outdoor Clothing The spring catalog 
from L. L. Bean features active and casual 
wear, spring sports equipment, as well as fur- 
nishings for home and camp. L. L. Bean pays 
for all the postage and offers toll-free tele- 
phone services. Free 


214 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains time- 
saving tips and how-to instructions. Learn how 
to beautify and protect new wood and restore 
old wood to its original beauty. Free 


215 Electronic Measuring Tools A brochure 
from Sonin describes its range of Electronic 
Distance Measuring Tools, which give instant 
and accurate measurements at the push of a 
button. Ideal for real estate agents, architects, 
engineers, contractors, and handymen. Free 


216 Professional Lighting Literature from 
Staff Lighting Corp. introduces ParStars, a 
complete lighting instrument with a full range 
of control accessories such as louvers, color 
filters, scrims, and barn doors. The fixture 
family is designed for the lighting professional 
who has a need to address the demands of 
today's merchandising environments. Free 


217 Wood Refinishing The color guide from 
United Gilsonite Labs offers tips on wood 
finishing, refinishing, and stain effects. In ad- 
dition, this guide provides how-to information 
for all phases of the wood-finishing process 
—from removing old paint to choosing and 
applying new stains and finishes. Free 


218 Gas Savers U.S. Auto Tech's full-color 
catalog features innovative products designed 
to save gas, increase engine and car life, and 
maintain high-performance motoring. Featured 
are the famous Slick 50 products. $1 


219 Virginia Vacation The Virginia Division 
of Tourism offers a 120-page guide describ- 
ing the state's attractions. From majestic 
mountain regions to bustling urban areas and 
sandy beaches, Virginia is a unique, exciting 
destination with an unsurpassed selection of 
historic and recreational attractions. Free 


220 Woodworking Supplies The 25th-an- 
niversary catalog from the Woodworkers' Store 
features hardwoods, veneers, wood parts, spe- 
cialty hardware, kitchen accessories, finishing 
supplies, tools, books, and plans. Orders are 
shipped within 48 hours, and customer sat- 
isfaction is guaranteed. $1 | 


POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 


Note: POPULAR SCIENCE Mew Jersey address is for Product information only. 


POPULAR SCIENCE FEBRUARY 1990 


Product information 


companies. The convenient order form will save you time and post- 
age. Orders will not be. processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


Please send check or money order made out to PoPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks' delivery. THIS COUPON EXPIRES APRIL 30, 1990 


" 
E à 
J 5 
J É 
: Please send the items checked below. | am enclosing $1 handling charge (any - 
2 number of items per coupon) plus amount required for priced items. Orders will not | AM ENCLOSING g 
g be processed unless accompanied by the $1 handling fee. Do not send cash. ï 
I p201 o 205 rj 209 o 213 n 217 $ for priced items i 
g o 202 $1 o 206 50€ qg 210 $12.95 o 214 O 218 $1 $ 1.00 for handling - 
ü o 203 $1 o 207 39 6 2H O 215 o 219 | 1 
: O 204 O 208 O 212 D 216 o 220 $1 $ TOTAL REMITTANCE - 
ii i 
: Name (please print) - 
- Address City & State Zip ' 
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Looking Back... 


Sampling a century of POPULAR SCIENCE 


FEBRUARY 1965 


"Airplanes today cant land 


snow—on scheduled flights. 
“Tomorrow they will. Airliners will 
land themselves, automatically. I know. 
I flew in one the other day that landed 
| as soft as eiderdown while the pilot 
and copilot sat there with their hands 
| in their laps. Now and then they 

punched a button or turned a knob. 

"[ took off for this flight in a 530- 
mph 64-passenger United Jet Air 
Lines twin-jet Caravelle. For this, a 
demonstration, two big closed-circuit 
TV screens mirrored the plane's in- 
strument panel, throttle pedestal, and 
captain's control wheel. The cabin- 
window curtains were drawn to make 
believe the ceiling and visibility out- 
side were zero. 

“Weve passed the outer marker. 


5 ary with the warmth of 


YEARS AGO last summer’s sunshine 
—that is the exciting goal of research 
at the Massachusetts Institute of Tech- 
nology. Scientists there recently com- 
pleted a white frame building, its 
sloping roof edged with a glistening 
battery of solar-heat traps. 

“These cells are formed of ‘sand- 
wiches' of glass sheets, air spaces, and 
metal plates. The rays of the sun pen- 
etrate through the sheets of glass and 
| strike a black metal plate at the bot- 

tom of each cell. It absorbs heat rap- 

| idly, and the dead-air spaces between 

the glass panes act as insulators and 

| keep the heat from dissipating out- 

ward. Beneath each metal plate, a 

maze of thin-walled tubes carries a 

flowing stream of water, which is 

10 known from very early 

YEARS times, but it is only with- 

in recent years that it has found any 

extensive application in the various 
industrial arts. 

“First and most important are its 
applications in connection with the 


FEBRUARY 1940 


“Heating homes in Janu- 


FEBRUARY 1890 


“Asbestus [sic] has been 
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That meant we had crossed a radio 
beacon 4.1 miles from the runway 
threshold. 

“We've crossed the inner marker. 
This was a half-mile from the thresh- 
old. ‘Now were at 300 feet on the ra- 
dio altimeter. The command speed is 
124 knots. Then: 'We're over the 
threshold at 50 feet.’ 

“I peeked through the curtains. Yup, 
there was the runway. Pilot and copi- 
lot weren't moving a muscle. 


heated by contact with the metal and 
then conducted to an efficiently insu- 
lated storage tank in the basement of 
the building. Hot water can be stored 
in such tanks for weeks and eventu- 
ally it is expected that 'sunshine fur- 
naces' of the kind will be able to hoard 
summer heat for midwinter use. 
"Recent efforts to trap the 

endless flow of power K 


BL. 


steam engine and boiler. For packing 
pistons, flange joints, hot-air joints, 
cylinder-heads, and similar purposes, 
asbestus has proved itself invaluable. 
A large quantity is made into felt, 
used as a covering for steam pipes. 
"Asbestus curtains are now in use 
in many theatres. The mineral is also 
made into gloves, stockings, and other 


r a emo Cen eee 


“Were flaring. The plane's nose 
came up. The throttles retarded to 
4,600 rpm. ‘We should be touching 
down...’ And at that moment we did. 

“At least three other landing sys- 
tems are available to the airlines, or 
soon will be. The cautious FAA is 
expected to approve 100-feet (altitude) | 
and quarter-mile (visibility) limits 
—half today’s minimums—this year. | 
All-weather operation probably won't 
be approved for some time yet.” 


from the sun also include the ‘sun- 
shine sandwiches’ of Dr. Bruno Lange 
of Berlin, Germany. His photoelectric 
cells generate current when struck by 
the sun's rays.” 


vi 


garments; in fact, complete suits of 
asbestus clothing can be obtained. 

“There will readily occur to the 
mind of the reader many other possi- 
ble applications of this curious prod- 
uct of Nature's laboratory, which has | 
waited so long for an opportunity to 
minister to the comfort, convenience, 
and safety of man.” 


Handling 
is always 
included. 


For most people, getting shock 

absorbers is a seat-of-the-pants 

decision. When they feel a jolt 

| in the seat of their pants, they 
decide to get new shocks. 

So what's wrong with that? 

It's not just a matter of 
comfort. Bad shocks can mean 
bad handling. The way your car 
corners on exit ramps, the way 
it responds to sudden steering, 
the way it stops on bumpy 
roads all depend on your shocks. 

To help keep your car 
handling properly have Mr. 
Goodwrench check your shocks 
and/or struts. If they need 
replacing, hell have the exact 
GM Goodwrench Shocks your 
GM car or truck was designed 
| to use. 

Plus, when you get GM 
Goodwrench Shocks you get a 
Lifetime Limited Warranty that's 
good for as long as you own 
vour GM car or light truck. See 
Mr. Goodwrench for details, now 
at over 7,200 General Motors 
dealerships coast to coast — 


Because it's not Just a car... 
it's your freedom. 


SURGEON GENERAL'S WARNING: Quitting Smoking 


onthe subject 
of light. 


Most ultra low tar cigarettes are a compromise: 
low tar, and low taste. Some compromise! Only Merit has 
figured out how to deliver low tar and great flavor in an ultra light cigarette. 
Perhaps that's why we're America's fastest growing ultra light. 

Is that the sound of a light going on in your head? 


Enriched Flavor" ultra low tar. j4 A solution with Merit. 
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Merit Ultra Lights 
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